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THE  EFFECTS  OF  CERTAIN  GP.OWTH  REGULATING  CHEMICALS  ON 
THE  MATURITY  OF  TOMATO  (Lycopersicon  esculentum  Mill.) 

By 

Willlom  J.  Southarn 
August,  1970 

Chairrnon:    Dr.  V.   F.  Nettles 
Major  Department:    Vegetable  Crops 

The  chernica'i  ascorbic  acid,  boric  acid,  calcium  chloride,   D'jroset,  Emery  C-9, 
Ethrel,  fatty  acid  ester,  lAA  and  TIBA  v/ere  evaluated  in  field  trials  as  to  their  cciiv- 
ity  in  producing  a  uniform  maturity  in  tomatoes  (Lycopersicon  esculentum  Mill.).,    Time; 
of  applicatloii,  concentiatlons  and  effects  on  qualify  parameters  were  also  evaluofed. 

A  laboratory  experiment  v/as  conducted  to  determine  the  effects  of  an  Ethre!  dip 
on  the  auxin  content  of  torr.ato  fruit  In  storage. 

A  mixed  integer  programming  modal  v/as  utilized  in  testing  the  economic  signifi- 
cance of  the  results  of  the  field  trials  as  well  as  evaluating  the  precision  of  certain  of 
the  volues  included  in  the  model. 

The  treatments  of  TIBA-borIc  acid  and  TIBA-Ethrel  in  split  applications  shov/ed  the 
only  significant  effects  on  the  total  yield  by  reducing  it.     The  major  effects  of  the  oilier 
treatments  v/ere  to  olter  the  yields  within  the  various  maturity  classes. 

Ethrel  applied  ct  the  time  of  the  fifteenth  inflorescence  increosed  the  percent  yield 
of  the  light  red  through  ripe  fruit  and  reduced  the  percent  yield  of  the  mature  green 
fruit  in  the  second  harvest.    Ethiel  opplled  one  week  later  Increased  the  percent  yield 
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of  the  light  red  through  ripe  and  breciker  through  pink  fruit  cf  the  fir:,t  harvest  and 
reduced  the  percent  yield  of  the  mature  green  fruit  of  the  second  harvest.    The  bcric 
acid  applied  at  the  ninth  internode  follov/ed  by  Ethrel  appiied  at  ih~?.  flfteenih  In- 
florescer>ce  produced  an  increase  in  the  psrcsnt  yield  of  light  red  through  ripe  end 
breaker  through  pink  fruit  of  tha  first  and  second  harvest  and  reduced  the  mature  greer. 
of  the  second  harvesL 

The  effects  on  il-is  quality  parameters  v/crs  erratic  but  generally  supported  the 
thesis  that  the  early  applicotiori  of  Ethrel  affected  the  later  fvuit  ond  the  later  opp'i- 
cation  affected  tha  early  fruit  and  the  boric  acid-Ethrel  combination  effected  both  the 
early  and  late  fruit.    Tha  boric  Qcid-Ethre!  treatment  appears  to  be  the  only  cne  with    ^ 
promise  of  an  econa.Tiic  application. 

The  laboratory  experiment  showed  an  increase  in  auxins  due  to  Ethrel  treatment      -^ 
at  2  and  3  weeks  exnaction  after  treoifjient,  and  c  natural  increase  in  cuxin  at  a  1 
week  extraction  that  was  not  evident  in  the  treated  fruit. 

The  economic  analysis  demonstrated  a  11.4  percent  increase  in  yield  over  the 
mechanical  harvest  .Tiethod  alone  v/oi  required  for  the  utilization  of  a  chemical  method 
with  a  cost  of  $132.67  per  acre  under  a  50  acre  and  3500  man-hour  restriction  and 
wiih  a  price  of  $2.50  per  crate.,    Thus  the  2.5  percent  increase  of  tlie  boric  acid- 
Ethrel  combination  was  not  sufficient.    However,  if  the  price  were  increased  to  $3.34 
per  crate,  the  treatment  v/ould  hz-  useful.     In  addition,  a  yield  of  84.3  percent  of  the 
hand  harvest  wos  fc^And  necessary  for  machine  horvest  v/ithoul  chemical  treatment  to 
be  the  only  rneihod  employed  under  the  previous  restrictions. 
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INTRODUCTION 

Tomatoes  are  an  important  item  in  the  diet  of  the  United  States'  consumer.    The 
1968  per  capita  consumption  of  fresh  tomatoes  was  hA'elve  pounds,  putting  tomatoss 
after  lettuce  and  v/aterrnelons  In  Iota!  fresh  vegetable  use  (165).    The  major  v/inter 
sources  of  fresh  tomatoes  for  northern  U.S.  markets  are  the  sub-tropical  and  tropical 
areas  of  the  western  hemisphere,  particularly  Florida  and  Mexico  (56). 

In  Florida,  the  volue  of  the  196S  tomato  crop  was  $92, 159,000,  comprising  31.3 
percent  of  the  total  worth  of  the  state's  vegetable  industry  For  that  year  {57). 

Recently,  Mexicon  competition  has  proven  a  serious  threat  to  the  Florida  industry 
whicli  once  supplied  the  mnjority  of  tomatoes  for  the  northern  markets.     In  the  1968-69 
season,  Mexico  shipped  almost  one  half  of  the  winter  tomato-es;  15,132  carlot  equiv- 
alents compared  tc  15^290  carlot  equivalents  shipped  from  Florida  during  ihe  same 
period  (27).    The  reason  for  tliis  increase  in  Mexican  shipments  can  be  traced  to  a 
gradual  improvement  in  production  techniques  and  a  much  lower  production  cost.    The 
primary  element  in  this  lower  cost  is  labor. 

Mexican  growers  need  only  pay  $2. 10  per  day  compared  to  the  minimum  level  of 
$1. 15  per  hour  in  Florida  {56).     Not  only  do  Mexican  growers  have  the  odvonioge  of 
lower  labor  cost,  they  hove  an  cinic-st  unlimiled  labor  supply.    The  scarcity  of  domestic 
farm  labor  in  Florida  has  produced  an  inability  tc  adequately  harvest  the  romoto  crop 
during  peak  periods. 
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Thus,  ii'  is  imperative  thaf  the  Florida  grov/er  examine  all  aspects  of  production 
with  the  purpose  of  severe-ly  reducing  labor  requirements.    As  an  example,  it  appears 
necessary  thct  the  method  of  staking  tomatoes,  being  a  high  labor  requiring  technique, 
must  ba  modified  or  eliminated.     Hov/ever,  harvest  is  still  the  phose  of  production  with 
the  highest  requirement  for  loLor,  requiring  approximately  25  percent  of  the  total  labor 
need  of  staked  tomatoes  and  50  percent  of  the  total  in  ground  tomatoes  (26,  23). 

Mechanization,  v/hereby  capita!  is  substituted  for  labor,  is,  of  course,  the  ob- 
vious answer.     It  has  been  found  that  rnechanicol  harvesting  could  reduce  the  per  ton 
harvest  cost  of  canning  to.TiOtoes  from  $17. 19  to  $9.84  (128),    There  ore  many  prob- 
lems as'iociated  with  the  development  of  mechanical  harvesting  techniques.    Extensive 
research  In  Calii'crnia  ha5  resulted  In  the  mechanizaiion  of  tomatoes  harvested  for 
canning;  however,  only  plloi  v/crk  Is  being  conducted  on  fresh  market  mechanical 
harvest.    The  greater  care  required  for  handling  of  fresh  market  tomatoes  has  slov/ed 
the  development  of  mechanical  methods.    The  Florida  Agricultural  Experiment  Station, 
realizing  the  urgency  of  the  problem,  hos  embarked  on  an  extensive  research  project 
to  investigate  oil  avenues  available  for  the  mechanization  of  fresh  rnorket  tomatoes 
(70).     it  v/as  recognized  early  that  one  of  the  primary  obstacles  to  mechanical  harvest- 
ing is  the  lack  of  uniform  maiurity  for  a  once-over  harvest. 

There  are  several  opproaches  to  the  solution  of  this  problem  and  the  foremost  Is 
the  development  of  a  suitable  determinant  variety  (155).    However,  it  is  v/e!l  knov/n 
that  breeding  programs  require  long  periods  to  incorporate  all  of  the  desired  charac- 
teristics into  o  variety.    Therefore,  It  is  necessary  to  examine  other  methods  of  pro- 
moting uniform  moiority  as  an  onciliary  piogrcm  to  provide  a  ter.porary  solution. 

While  It  is  Gccepk.'d  f'uai  all  phases  of  production  exert  some  influence  on  the 


uniforrnify  of  growth  and  maturity  of  tomatoes  (43,  49,  78,   163),  the  area  that  has 
received  the  most  attention  and  claims  of  proinlse  is  the  use  of  exogenously  applied 
growth  regulators  (104,  134,  154).    The  purpose  of  ihis  study  was  to  examine  further 
the  use  of  synthetic  plant  growth  regulators  in  this  regard.    The  area  of  investigation 
was  limited  to  those  compounds  exhibiting  an  effect  on  the  floral  zone,  as  the  other 
types  of  growth  regulators  are  being  examined  under  the  auspices  of  Florida  Agri- 
cultural Experiment  Station  Project  1406.     In  addition,  the  effects  of  these  fioral 
zone  regulators  on  the  qualiiy  of  the  fruit  were  monitored. 


LITERATURE  REVIEW 

Morpliology 

If  has  been  stated  that  this  investigation  will  concern  itself  primarily  v/ith  ths 
floral  development  of  the  tomato.    This  area  has  been  precisely  defined  (43).     Follow- 
ing th:;^  the  physiology  of  the  floral  zone  and  ways  that  have  been  suggested  to 
chemically  modify  Its  behavior  are  reviewed. 

The  inflorescence  o'r  the  tomato  Is  a  racemous  cyme  type.     In  this  case,  the  apex 
of  the  main  floral  axis  (peduncle)  terminates  in  o  flower,  while  six  to  eleven  other 
flowers  arise  on  Intero!  branches  (pedicels)  farther  down  the  axis  (43^   135). 

Few  of  the  flowers  are  open  simultaneously;  thus, the  inflorescence  Is  found  with 
a  variation  of  immature  flov/ers,  mature  flowers,  and  fruit  of  differing  ages.  The 
tomato  flov/er  itself  Is  perfect,  hypogynous,  regular,  pendant  end  generally  six-merous 
and,v/hen  mature,  the  corolla  lobes  :;re  leflexed  and  of  a  yellow  color.  The  stamens 
ore  attached  to  the  base  of  the  corolla  tube  and  are  coalesced  to  form  a  cone  around 
the  pistil.  The  pistil  consists  of  an  enlarged  ovary,  elongate  style  and  stigma  which 
extends  slightly  beyond  the  apex  of  the  androeclum. 

The  pedicel  is  generally  composed  of  a  thick  cortex,  a  ring  of  vascular  tissue 
and  a  central  pith.    About  one  centimeter  below  the  receptacle  along  the  axis  is  the 
abscission  zone.    There  Is  o  reduction  In  pedicel  diameter  at  this  point.     In  cross 
section,  the  zone  begins  ai  the  epidermis  and  extends  across  the  cortex  to  the 


vascu!c;r  flssue  (it  does  not  extend  across  the  vascular  tissue),  then  through  the  pith. 
The  cells  of  the  obscission  zone  are  small  and  flattened  (43). 

In  the  abscission  zonei  of  apple,  gardenia  and  sweet  pea  flower  buds,  which  are 
similar  to  that  of  tomato  (43,  73,  96,   109,   110,   151),  much  cellular  modification  has 
been  O'jtlli-.ed,  and  os  most  authorities  consider  all  types  of  abscission  in  the  some  light 
(2,  10,   16),  there  does  not  appear  to  be  much  danger  in  comparing  these  different 
plant  types.     Collenchyma  cells  are  in  greater  abundance  than  in  normol  stems,  oc- 
cupying areas  normally  occupied  by  sclerenchyma.    The  cell  walls  of  the  collenchyma 
ore  thicker  and  the  corners  of  the  cells,  normally  square,  are  rounded  and  the  middle 
lamellae  are  more  prominent.    Sclerenchymo  tissue,  its  usual  function  structural,  is 
reduced  in  the  area  of  the  zone  and  not  present  in  cortical  areas.     In  the  xylem  a 
number  of  fibers  and  vessels  of  the  vascular  cylinder  are  replaced  by  the  modified 
scalariform  (elongate)  type  with  scalariform  pits.    The  epidermal  cells  are  elongate 
and  easily  separated  and  the  pith    is  enlarged.    All  of  these  modifications  serve  to 
weaken  the  pedicel  in  the  abscission  zone. 

Electron  microscope  examinations  (86)  have  shown  the  indentation  of  the  cuticle 
has  branches  which  extend  through  the  abscission  zone,  follov/ing  the  middle  lamellae. 
Thus,  separation  occurs  olong  these  branches.    Other  ultrastructural  details  include 
an  increased  amount  of  invaginations  of  the  plasmalemma,  and  within  tlicse  invccji- 
nations  are  o  number  of  apparent  microbodies  v/ith  crystalloid  cores.    Branched 
plasmodesmata  extending  into  the  middle  lamellar  region  and  microtubles  adjacent  and 
parallel  to  the  plasmalemma  are  also  seen.    Another  unique  structure  reported  was  a 
membrane  enclosed  granular  component  in  many  of  the  chloroplasts  of  the  abscission 
zone.    Altho'jgri  ihc  functions  of  these  pcriiculor  structures  ore  not  knovn,  it  is 


speculated  (50)  that-  the  microbodies  contain  hydrolytic  enzymes . 

Flower  Production 

Krous  and  Krayblll  {93)  distinguished  betv\'een  flower  production,  flov/er  sat  and 
fruit  set  (frultfulnsss).    The  first  term  was  used  in  the  context  of  ari  actual  number  of 
flowers  (or  floral  buds)  initiated  by  the  plant.     In  opposition,  the  second  term,  flower 
set,  v/a3  token  to  represent  the  number  of  flowers  that  remained  in  the  Inflorescence 
and  did  not  abscise.    Finally,  fruit  set  represented  the  production  and  maturution  of 
fruit,  whether  it  was  parthenocarpic  (the  ovary  developed  without  fertlHzarion), 
noiTiia!  or  the  Imrr.c.l-ure  fruit  aborted. 

Went,  in  a  serl,-;..  of  experiments  Investigating  the  effects  of  environmental 
conditions  on  the  growth,  flowering  and  fruiting  of  tomatoes  (174,   175),  demonstrated 
■  thot  variations  of  photoperlod,  thermoperiod  and  light  Intensity  within  normal  ranges 
had  little  effect  en  flower  production.     It  is  v/ell  known  (162)  that  aside  from  varletol 
differences  (92,   74),     tomato  flower  production  is  generally  InsensIUve  to  environ- 
mental fluctuations.    Only  when  the  temperature  is  reduced  to  a  constant  20°C  (174) 
Is  the  flower  production  affected. 

Beginning  v/Ith  Kraus  and  Krayblll  (93),  the  effects  of  nutrition,  particularly 
nitrogen,  on  tomato  flowering  have  been  widely  discussed.     Hov/ever,  their  research 
concerned  the  "frultfulness"  of  tomatoes  and  did  not  deal  directly  with  flower  pro- 
duction.   They  did  point  out  that  initiation  of  floral  primordia  and  blooming  were  not 
governed  by  conditions  affecting  fruit  setting  and  that,wlthln  normal  ranges  of  nutri- 
tion, flower  production  of  tomatoes  is  relatively  constant.    And  as  It  became  evident 
thai  cuiturol  techriiq'..es  affected  primarily  fruit  set,  the  emphasis  of  research  "vos 
directed  toward  exploring  this  phenomenon. 


Flower  and  Fruit  Sei 

As  alluded  to  obove^  the  factors  affectlnCj  flov/e:  and  fruit  set  have  been  much 
moie  clearly  defined.    Went,  in  the  sanie  series  of  experiments  (174),  showed  that 
tomoto  plants  grovvn  af  low  night  temperatures  (i5-20°C)  and  high  day  temperatures 
(26.5°C)  had  the  highest  fruit  set.     He  aljO  noted  that  artificial  light  during  the  cool 
night  period  inhlblto  fruit  formation  entirely.    He  concluded  that  the  cause  of  this 
was  the  operation  of  two  processes,  each  with  a  dlffereal  cptirf;ijr;!  temperalure  '--i-^o 
one  requiring  dark. 

Smith  (152)  in  a  study  of  aborted  tomato  flowers,  listed  o  number  oF  causes  of 
blossom  drop  and  fruit  set  failure  during  onthssls.    Among  these  causes  were  very 
hot  dry  or  very  cold  weather,  hard  rains,  thrip  injury,  deficient  soil  moisrure  and 
rapid  vine  grcvth  resulting  from  excessive  nltrogcr"  fertilization.     Fcllowlrig  a  histo- 
logical examination.  Smith  observed  that  the  embryo  sacs  of  aborting  tomato  pistils 
never  developed  beyond  a  weak  mature  egg  stcgc  and  that  the  embryo  sac  and  ovules 
had  not  developed  any  farther  at  190  hours  after  anihesis  (pollinotionj  than  they  had 
at  anthesis.    He  then  observed  that  the  slow  growth  of  the  pollen  tube  leaves  the 
flower  vulnerable  tc  weather  conditions  and  under  adverse  conditions  the  generative 
nucleus  Is  killed  before  pollination  occurs.    Another  obnormolity  noted  during  his 
examination  v/cjs  en  excessive  style  elongation  during  periods  of  hot  weather. 

Along  these  same  lines,  style  exsertion  (extension  of  tlie  style  beyond  the  onthers, 
thus  preventing  adequate  pollination)     and  polle.-i  sterility  are  the  primary  causes  of 
poor  fruit  set  under  extremely  low  light  Intensities  or  high  light  and  high  temperature 
(87).     In  this  review,  Johnson  also  disco:ses  dormancy  Iri  ovaries  resulting  from  high 
temperoture  and  light.    When  those  ovaries  arc  forced  to  develop  witliout  feit'lizotlon. 
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fhey  are  portlienoccrplc.     Dormancy  of  feiKlized  ovcries  ulso  occurs,  as  a  re.su!^  of 
low  or  high  temperatures  accompanied  by  low  li.ght  intensities,  high  temperature  end 
high  light,  or  wbsn  there  Is  lorge  number  of  fruit  aliejdy  set  in  the  same  or  adjacent 
clusters.    Absci5:».'son  of  normal  flowers,  hov/ever.  Is  judged  to  be  the  major  cause  of 
unfruitfulnsss  an<J  this  in  turn  Is  attributed  to  the  tendency  of  vegetative  plants  to 
limit  fruit  production. 

Haas  (65)  foynd  undei  condltloiis  of  low  humidity  and  high  soil  moisture  tensions 
that  smaller  oran;;.je  frulti^,  due  to  their  proportionately  greater  surface  area,  lose 
moisture  more  rapidly  and  have  a  high  abscission  rate. 

The  above  observations  parallel  the  familiar  work  of  Kraus  and  Kraybil!  (93)  in 
which  the  two  au'i^hors  describe  four  conditions  of  the  tomato  plant  in  reference  to  lis 
nutritional  status...    The  four  coridltions  described  were: 

1.  High  nVt.vogen,  adequate  water  ond  m'ner.:ils  but  low  carbohydrote.    This 
plant  Is  'weakened  and  non-fruitful. 

2.  High  nltrocjen,  water  and  minerals,  and  ovallable  carbohydrates.    This  plant 
is  barrerr.  (flowers  fail  to  mature  and  abscise)  and  sterile. 

3.  Low  nitrcagen,  high  carbohydrate.    This  plant  has  increased  frultfulness, 
fertility  and  is  less  vegetative. 

4.  Very  lovr  .nitrogen,  high  carbohydrate.    This  plant  Is  neither  highly  vegetative 
nor  fruitful. 

Kraus  and  Kr^oybll!  explained  these  conditions  by  postulating  that  the  balance 
of  nitrogen  and  carbohydrates  yyas  more  important  than  the  absolute  amounts  of  either 
and  that  an  imbalance  between  the  two  affected  the  plant's  ability  to  set  and  mature 
fruit. 


In  on  attempt  to  explain  the  results  of  Kraus  and  Kraybill  in  cytological  terms, 
Howiett  (79)  found  that  carbohydrate  deficiency  resulted  in  the  suppression  of  male 
organs  but  nitrogen  deficiency  had  little  effect. 

A  valid  criticism  of  nutritional  shjdies  of  this  type,  however,  is  that  they  were 
carried  out  at  nutrient  levels  beyond  the  range  found  under  normal  condition;.    Work 
by  Arnon  and  Hoaglond  (12)  under  more  opiimol  conditions  faiL?d  to  show  a  negative 
correlotion  between  vecj-tative  growth  (high  nitrogen)  end  fruit  set. 

Leopold  and  Scott  {99),  trying  to  delineate  all  factors  governing  fruit  set  of 
tomatoes,  found  that  the  presence  of  mature  leaves  was  of  primary  importance  to  the 
development  of  an  adequate  fruit  set.    They  also  found,  as  did  Went  (175),  that 
carbohydrates,  particularly  fructose  and  sucrose,  were  able  to  substitute  to  a  high 
degree  for  the  mature  leaf  in  promoting  fruit  set  of  excised  flowers.     Isolating  corn- 
pounds  that  perhaps  were  supplied  by  the  mature  leaf,  they  found  five  other  cate- 
gories of  compounds  thwich  were  capable  of  increasing  fruit  set.     These  v/ere:    orgonic 
nitrogenous  compounds,  inorganic  nitrogenous  compounds,  organic  acids,  reducing 
substances  and  some  inorganic  ions.    Aerobic  conditions  v/ere  also  required.    The 
authors  pointed  out,  however,  that  due  to  the  large  number  of  compounds  acting  in 
this  manner  and  the  obvious  role  of  many  (fumoric  acid,  orginine,  potassium  dihydronen 
phosphate)  in  respiration,  thai  the  compounds  examined  did  not  ploy  a  direct  role  in 
fruit  set. 

Recently  Addicott  (9)  has  proposed  a  scheme  whereby  the  indirecl  role  of  these 
substrates  is  elucidated  as  they  enter  in  different  pathways  of  carbohydrate,  amino 
acid  and  protein  metabolism. 

Examining  the  tc-chnlque  of  defoliation  (pruning)  further,  Aun^j  (14)  reoched 
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sirnfior  conclusions  ic  thoie  of  Leopold  end  Scoii,  tliot  the  malL"-e  leaves  exerted  the 
greafest  influence  on  number  of  blossoms  (flower  sef)  cmcj  fruit  set.     He  also  found 
thaf  removal  of  young  oxiliory  buds  greatly  Increosecl  the  Ivtcl  number  of  blossoms. 

Boron 
In  exomining  methods  that  could  be  used  tc  enhance  fertilization^  it  v.-as  found 
thot  boron  played  an  essential  role  In  pollen  gerrninctlon  (8).    The  efrect  of  boron 
may  b3  three-fold  (89).     It  promotes  obsorptlon  ond  metabolism  of  sugars  by  forming 
sugor-borote  complexes^  it  increases  oxygen  uptake  and  Is  involved  in  the  synthesis 
of  pecilc  material  for  the  wall  of  the  actively  elongating  pollen  tube.     It  may  also 
ploy  G  role  In  the  Inactlvation  of  germination  Inhibitors  in  tomato  pollen.    The  effect 
of  boron  is  In  excess  of  any  other  vitamin,  hormone  or  chemical  used  In  culture  solu- 
tions due  to  its  generally  low  concentration  in  the  pollen  grain.     In  a  compreher^.slve 
review,  Gauch  and  Dugger  (61)     discuss  the  application  of  boron  as  a  foliar  spray 
and  its  importance  In  pollen  physiology  In  a  number  oF  plants.     In  this  and  another 
paper  (60)  they  poslulata  the  role  of  boron  In  sugar  trcnslocaticn  end  propose  the  sugar- 
borote  complex  mentioned  by  Johrl  ond  Vasil  (89).    Not  only  Is  germination  Improved 
with  boron  treatment,-  but  tube  length  Is  significently  longer  (161).     Field  applications 
to  pear  trees  (soli  and  foliar)  have  been  found  to  Increase  fruit  set  (17),  although  under 
admittedly  sub-optimal  growing  conditions.    The  enhancement  of  sugar  translocation 
mentioned  by  Gauch  and  Duggsr  and  others  (39,    173)  v/ould  be  a  beneficial  factor  in 
proiTiOtlng  fruit  set  end  maintaining  a  uniform  growth  rate  throughout  fruit  maturation. 
A  partial  substitution  beiv/ecn  boron  and  auxin  hrjs  been  suggested  (53),   indicating  a 
major  rols  for  bcron  in  hormone  physiology. 
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Colciurn 

A  similar  rcle,  but  not  as  extensive  as  for  boron,  has  been  shown  for  calcium  in 
pollen  germinctior.  (25).     it  appears  thot  colcluiri,  also  generally  low  in  pollen  tissue, 
Itos  a  stimulative  effect  on  the  growth  and  germination  of  low  density  pollen  popu- 
lations.    Colclum  is  also  necessary  for  mitosis  (51),     It  is  possible  that  calcium  moy 
be  the  governing  factor  in  cham.ottopism  (89)  or  the  growth  of  the  pollen  tube  toward 
the  ovory.     Finolly,  it  is  v/ell  known  (5'i)  that  calcium  functions  as  a  constituent  of 
cell  walls  and  middle  lomella  cs  calcium  pectate.     This  could  serve  to  strengthen  the 
abscission  zone  (147). 

An  interaclio<i  befv/een  boron  and  calcium  ir;  the  soil  has  been  shown  (90,   )33;. 
These  workers  showed  that  an  increase  in  calcium  reduced  boron  toxicity  symptoms  and 
actually  reduced  the  boron  content  of  the  tissue.     Increasing  calcium  hod  littic  effect 
on  boron  deficiency  symptoms  and  boron  was  found  io  have  no  effect  on  calcium 
metabolism. 

Abscission 

It  is  evident  (37,  152)  that  the  principal  mechanism  thai  limits  the  fruit  set  of 
tomatoes  is  abscission  ond  a  good  deal  of  research  has  accrijed  on  this  subjsct;  un- 
fortunately, the  mojor  reference  concerning  physiology  is  to  cotton  oxplonts  and 
secondarily  to  apple  fruit  and  tomato. 

A  usable  definition  of  abscission  would  be  that  it  is  the  morphological  cutting 
ov/ay  of  a  modified  branch  of  axis  (1 10),  such  as  a  pedicel.    Prior  to  abscission,  the 
cells  along  the  zone  elonoote  and  the  nuclei  increase  in  size.    The  epidarmal  cells 
become  compressed  and,  in  some  cases  (23,   143),  the  starch  content  of  the  cells 
increosci,  coll  divir.Io.i  occ:-;  ond,  immediately  preceding  obscissio-i,  the  starch  in 
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the  crea  of  separation  is  hydrolyzed. 

At  abscisslopn  there  I.i  increased  pecllc  enzyme  activity  (pectose)  and  dissolution 
of  the  loinella  and  secondary  cell  wall.    Soluble  S'jgors  and  uronic  acids  are  released 
and  with  the  sepcrc::.-jon  of  the  surrounding  eel!  layers  rhe  xyleni  vessels  are  physically 
broken  by  fhe  we-gh';  of  the  flower,  fruit  or  leaf.     Finally,  periderm  formction  on  the 
stu.T,p  occurs  (73,  96,  132,  171). 

in  general,  f.he  healthy  organ  (flov^er,  fruit,   leaf])  prevents  abscission  until  It 
senesces  or  is  acfed  upon  by  external  factors. 

Abscission,  Ihowever,  can  occur  at  any  period  during  the  development  of  the  f'ov/er 
or  fruit;  for  conv&^iience  in  discussion,  three  divisions  as  to  physiological  develop.r.ent 
can  be  construted  •(152).     These  divisions  are:    blossom  drop,  i.e.,  abscission  before 
fertilization,  imj-"joi-ire  fruit  drop,  and  mature  fruit  drop,.    The  ccu:-e;  of  biosiom  a-id 
immature  fruit  drop  con  be  listed  generally  as  mechanical,  genera!  envircnment  prior 
to  fertilization,  viegetatlve  and  fruiting  stages  of  the  plant  end  ortlficioi  factors  (37,  152), 

Mechanical  i^^iductlon  of  abscission  is  merely  the  result  of  shear  forces  produced 
by  high  velocity  %vinds,  rainfall  or  cultural  disturbance.    This  process  is  a  function  cf 
pedicel  lenglh  and  need  not  be  discussed  further. 

Environmenta!^  and  plant  stage  causes  of  abscission  have  already  been  revlev/ed 
under  factors  affecting  failure  of  fruit  set. 

Several  exceJlent  reviews  hove  been  compiled  on  the  physiology  cf  obscirS'on  and 
how  abscission  is  affected  by  various  exogenous  factors  (2,  3,   10,  44,  85,   140).     Lov 
oxygen  tensions  or  high  carbon  dioxide  can  prevent  abscission;  this  points  out  that 
respiration  is  required  for  abscission  to  take  place.     Deficieni.:er  cf  nitrogen,  zinc, 
calcium,  sulfur,  nragnesium,  potassium,  boron  ond  iron  occeleraie  obsclsslcn  cs  do 
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excesses  of  zinc,  iror.,  chlorine  end  iodine.    High  sair  or  cilkcJine  conditions  also  pro- 
duce abscission. 

The  area  that  has  received  by  far  the  greatest  attention  in  abscission  research, 
however,  is  the  effects  of  phytohormones,  both  naturally  occurring  and  artificial. 

Abeies  (2)  lists  all  of  the  current  hypotheses  of  how  abscission  i?  regulaied  by 
hormones  (this  aulhor  considers  ethylene  as  a  hormone). 

Auxiii-Ethylene  Balance 
As  proposed  by  Hall  (68),  this  theory  states  that  since  indoleacetic  acid  (lAA) 
or  other  auxins  can  prevent  abscission  and  ethylene  induces  abscission;   \^  is  the 
proper  balance  between  the  tv/o,  maintained  in  the  tissue,  that  prevents  abscission. 
The  absolute  amount  of  either  is  not  considered  the  important  factor.    Sorns  oF  the 
effects  of  applied  ethylene  are  to  lower  endogenous  cuxin  (5)  and  increo'^e  the 
activity  of  cellulose  (4,  44).     It  is  suggested  (7)  that  ethylene  Is  c  hormone  in  that 
it  stimulates  RNA  and  protein  synthesis  in  receptive  (non-juvenile)  coi-fon  expicnts. 
in  this  same  work  it  v/as  noted  that  boih  the  effect  of  ethylene  aid  abicissicn  v/ere 
blocked  by  cctinornycin  D,  v/liich  suggests  that  the  proteins  stimulated  by  ethylene 
are  the  hydrolytic  enzymes  which  cause  abscission  (76,   ]Z5,   122). 

Auxin  "Ethylene 
Here  (16)  it  is  suggested  that  a  continual  supply  of  auxin  prevents  abscission; 
when  this  supply  falls  below  a  critical  level,  abscission  occurs.    Exogenous  appli- 
cation to  the  distal  (leaf  or  fruit)  side  preventsab;cissIon.     Ethylene  is  seen  os  the 
activator  of  abscission  metabolism  and  cuxin  the  inhibitor. 
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Auxin  Gradient 
This  is  perhaps  the  most  widely  known  of  the  abscission  regulating  hypotheses. 
Addicott  and  Lynch  (1 1)  propose  that  an  auxin  gradient  exists  across  the  abscission 
zone.    Ai,  long  as  the  auxin  concentration  Is  higher  on  the  distal  side  than  on  the 
proximal  (plant)  side,  there  is  no  abscission.    When  the  level  of  auxin  on  the  distal 
side  equals  that  on  the  proximal  or  when  exogenous^  foliar  applied  auxin  raises  the 
proximal  level  above  that  of  the  distal,  obscission  occurs.    Radioactive  tracer  studies 
have  shown  that  \AJ\  v/iil  not  pass  through  the  abscission  zone  [77).    This  interpreta- 
tion has  been  used  (87)  In  explaining  the  difference  betv/een  foliar  and  inflorescence 
opplicatlon  of  growth  regulators  in  tomatoes.    Results  from  foliar  sprays  of  the  iyn- 
thetic  auxin,  parachloroplienoxyacetic  acid  (PCPA)  were  erratic.     It  was  felt  that 
increased  fruit  set  was  due  to  reduction  of  vegetative  grov/th  or  prevention  of  ab- 
scission as  this  auxin  moved  Into  the  abscission  zone,  maintaining  an  artiricially  h'Igh, 
but  still  balanced,auxln  level.    The  opposite  effects  also  could  occur,  due  to  ab- 
scission acceleration  or  mortality  of  the  pollen  or  ovules.     Blossom  applications  v/ere 
found  to  be  more  consistent  in  Increasing  fruit  set  (reducing  abscission)  by  maintaining 
the  normal  higher  distal  concentration.    Since  development  of  the  ovary  then  occurred 
without  the  necessity  of  poIlinaHon,  many  fruit  were  parthenocarpic,  a  condition 
long  associated  with  floral  "hormone"  sprays  (64). 

Auxin  Ccncentrotlon 
In  an  attempt  to  explain  the  opposite  effects  of  differing  auxin  concentrations, 
Gaur  and  Leopold  (62)  suggest  that  a  high  auxin  concentration  (greater  than  15  ppm) 
inhibits  obscission  and  a  lower  concentration  promotes  abscission.    V'/hlle  proximal 
applications  were  fourd  \o  be  more  effective  than  distal,  the  same  pattern  is  described 
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by  other  researchers  (21,  22). 

Auxin-Auxin  Balance 
In  this  proposal  (85),   il-  is  felt  thaS"  the  leaf  supplies  a  sufficient  amount  of  auxin 
to  prevent  abscission  unnl  v/lilch  time  it  can  no  longer  produce  enough,  then  auxin 
from  other  leaves  promotes  abscission. 

Auxin-Senescence  Factor 
Although  similar  to  the  above  theory,  it  is  felt  that  some  substance  from  the  aging 
leaf  promotes  abscissicii,  ralher  than  translocated  auxin  (127). 

Membrane  Integrity 
Auxin  is  thought  to  act  by  moir.toining  the  integrity  of  the  membrone  and,v/hen 
the  ouxin  level  drops,  a  loss  In  nienbrane  integrity  is  followed  by  cell  separation 
(37,  142). 

Methionine-Auxin 
Methionine  is  felt  to  act  03  o  meihyl  donor,  and, by  methylating  carboxyl  groups 
of  pectin  molecules,  overcomes  the  auxin  effect  oik'  hostens  abscission  (183). 

Auxtn-Gibberellin-Abscission  Accelerating  Hormone 
A  conjunctive  mechonlsm  is  proposed  v/here  gibberelUn  is  en  antagonist  of  auxin 
and  a  third  compound  is  affected  by  the  action  of  the  two  (24,   39,   100,    101). 

Endogeno'js  Abscission -Accelerating  riubjtances 
Abscisin  is  thoughi  to  be  an  abscission  regulating  hormone,  and  is  o  product 
of  senescing  tissue  (3). 
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Two-Sloge  Theory 
A  tv/c— si'age  action  of  abscission  Is  said  io  exisi"  and  a  high  auxin  concentration 
inhibits  abscission  if  the  first  stage  of  abscission  is  not  completed.    The  second  stage 
allows  auxm  promotive  abscission.    The  two-phase  action  o' auxin  in  th^  auxin  con- 
centrallon  theory  is  still  proposed,  and  actior.s  similar  to  that  of  auxin  are  claimed 
for  kinetin.     Gibberelllc  acid  was  found  to  promote  abscission  at  all  concentrations, 
and  shorten  the  duration  of  the  first  stoge  (40,   139). 

Localized  Cellular  Senescence 

Absc'ssicn  regulalion  is  composed  of  hvo  stages.     In  the  first  stage,  o  merc!>oi.'c 
difference  develops  between  the  cells  on  either  side  of  the  undeveloped  abscission 
zone,  giving  a  niobillzation  advantage  to  the  proximal  side.    The  second  stage  then 
follows,  with  o  mobilization  of  materials  out  of  the  distal  tissue,  suppression  of 
synthetic  activities  there,  and  a  transltlo.i  loward  cell  wall  degradation.    The  actions 
of  the  various  growth  regulators  can  be  accommodated  as  preferential  effects  on  the 
two  stages  of  development.    Auxin  and  ethylene  effects  are  on  the  second  stage  as 
in  the  Two-Stage  Theory  (30,  98). 

These  last  hNO  theories,  however,  do  not  fit  v/Ith  the  practice  of  thinning  early 
season  apples  with  auxin  sprays.    Murneek  and  Teubner  (123),  preceding  the  develop- 
ment of  these  theories,  found  that  the  early  season  treotment  was  lethal  to  the  develop- 
ing embryo.    They  felt  that,perhaps  with  the  death  of  the  embryo,  a  continuous  supply 
of  auxin  fo  the  abscission  zone  was  lost.     Later  applications  were  found  to  prevent 
abscission,  once  the  embryo  was  mature  and  no  longer  supplied  auxin. 

Aging-Ethylene 
Examining  further  the  relationship  between  auxin  and  ethylene,  it  was  first 
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suggested  (118)  that  ethylene  may  influence  the  destruction  of  ouxin.     However,  with 
the  knowledge  thai  auxin  is  transported  polarly  basipetally  (150),  the  concept  of 
ethylene  actior.  has  been  modified  to  ihat  of  an  Inhibitor  (or  at  least  a  reducer)  of 
auxin  transport.     Burg  and  Burg  (36)  showed  the  capacity  of  the  polar  auxin  transport 
system  is  markedly  reduced  by  ethylene,    Abeles  (1)  did  not  find  a  transporr  .?Ffe.cf, 
at  leost  during  the  duration  of  a  short  treatment  (three  hours).    He  later  (2)  explained 
the  positional  effect  of  auxin  due  to  differential  transport  rates,  allowing  or  pro- 
hibiting the  effect  of  endogenous  ethylene.     Distally  applied  auxin  is  able  to  in- 
hibit abscission,  regardless  of  the  accelerated  rate  of  ethylene  evolution,  by  being 
rapidly  transpated  to  the  abscission  zone.     Auxin  applied  proximaliy  stinrjlcvss 
abscission  because  ii  ii  unable  to  move  as  rapidly  to  the  abscission  zon^cnd  the 
ethylene  effect  becomes  dominant.     He  proposed  that  the  mode  of  action  or  other 
exogenously  applied  abscission  accelerators  (absclssin,  glbberellin,  etc.)  is  by  in- 
creasing endogenous  ethylene  production.     Noting  that  ethylene  was  found  to  b-o  rr.ost 
effective  on  cg£;d  tissues,  he  concluded  that  abscission  rctos  are  datermined  by  en 
increase  in  senUtlvity  of  the  tisjue  and  proposes  the  Aging-Ethylene  hypothesis. 

Compounds  Affecting  Abscission 
Although  It  is  far  fio-i  resolved  which  of  the  above  hypotheses  Is  the  coirect  inter- 
pretation of  abicissicn,  valuable  information  can  be  gleaned  cs  to  v/hich  compounds 
affect  abscission.     In  surninaiy,  ethylene,  gibberellins,  abscissin,  and  many  auy ins — 
2,  4-dichlorophenoxy  acetic  acid  (2,  4-D),  2,  4,  5-trIcSloroacetIc  acid  (2,  4,  5-T), 
napfhaleneacetic  cicid  (NAA),   lAA  and  PCPA — under  cerJaln  conditions,will  pro-note 
abscission.    Auxins,  particularly  !AA  end  PCPA,can,  in  certain  instances,  prevent 
abscission.     Evoiuoti'^.g  c!her  compounds  In  their  abscissltv!  activity  by  acting  on  eilhor 
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ethylene  or  auxin  (6,   1  1  1),.   li  is  fcund  ihat  2,  3,  5-triiodobenzoic  acid  (TIBA)  has 
an  abscission  promoMng  effect  {53,   176,   1S4).     The  mode  of  action  of  TIBA  (often 
called  an  "anti-auxin")  appears  to  be  through  Oie  blockage  of  transport  of  lAA  from 
its  site  of  production  (40,  81,  94,   124,   125),  thus  producing  two  eTfects:    a  reduction 
of  auxin  in  remote  areas  and  an  Increase  in  local  areas.     Thus  many  varied  effects  can 
be  expected  from  TIBA  application.    Two  of  the  effects  that  are  of  concern  c^e  the 
removal  of  apical  dominance  (as  does  gibberellic  ocid)  end  fosclatlon  or  flattened, 
coalesced  tissue.    Many  claims  (81)  have  been  made  for  the  use  of  TIBA  in  promoting 
a  large  single  harvest  by  eliminating  apical  dominance  and  converting  all  vegetative 
buds  to  floral  buds.     However,  since  all  varieties  intended  for  mechanical  horvest- 
ing  at  present  (and  those  proposed)  ore  determinant,  epical  dominance  is  not  on 
important  foctor.    The  problem  of  fasciation  is  of  greater  concern  for  if  the  frequency 
of  fosciated  floral  buds  were  to  increase  with  TIBA  trecitm.ent,  the  yield  of  mc.rker- 
able  fru'ts  would  be  affected  (18,   177). 

Another  group  of  compounds  that  have  been  shown  to  have  abscission  ccrivlty,. 
but  have  not  been  widely  researched  under  loboratory  conditions,  are  tlis  phthalamic 
acids.    They  have  been  shown  to  inhibit  terminal  growth  and  cause  the  development 
of  an  abscission  zone  In  beans  (119)  and  inhibit  auxin  transport  in  corn  (41).    These 
results  suggest  an  action  similar  to  that  of  TIBA. 

Field  Applications 
Auxins 
Since  Gustafson  (64)  showed  thot  synthetic  auxins,  applied  to  the  style,  could 
cause  the  development  of  fonato  ovaries  v/ithout  fertllizotion  (and  prevent  abscission),- 
the  use  of  auxin  treatments  to  increase  yield  has  been  v/idely  expounded.     However, 
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other  than  common:,  usage  in  the  San  Diego,  eorly  market  production  area  of  Cali- 
fornia (172),  the  u'be  of  hormone  sprays  has  had  little  grov/er  acceptance.    There  could 
be  many  reasons  for  this:  confusion  over  correct  compound  and  dosage;  time,  numbers 
and  method  of  app'icatlon;  and  fear  of  reducing  quality. 

Many  compounds  have  been  screened  as  to  activity  in  promotion  of  fruit  set 
and  prevention  of  obscission  (13,  35,  85,   185).     It  appears  that  any  compound  meeting 
the  crii-eiio  of  auxin  activity  (38)  has  activity  in  this  regard.     Among  the  more  success- 
ful are  \A/\,  NAA  and  PCPA  (114,   172,  180).    All  of  these  compounds  applied  at 
25ppm  have  the  desired  effect  of  increased  fruit  set.     Unfortunately,  at  this  concen- 
tration, these  chemicals  produce  abnormal  foliage  symptoms  whsn  applied  as  v/hole 
plant  foliar  sprays,  and,as  a  result,  only  single  blossom  sprays  are  recommended  (114, 
148).    This  limits  I'Srie  application  of  these  chemicals  to  areas  where  the  expected 
higher  price  for  ecTly  yields  v/arrants  the  high  labor  cost  involved  in  blossom  appli- 
cations.   This  fact,  OS  was  discussed  in  the  introduction,  v/ould  preclude  this  specific 
technique  in  Florida. 

Artificial  fruit  set  Is  most  successful  under  conditions  of  low  night  temperatures 
(winter  or  early  sprang  crops)  (126)  or  high  temperatures  (greater  than  90  F)  and  high 
light  intensities  (87}.    These  conditions  are  typically  those  conducive  to  low  fertility 
and  high  abscission  rates,  as  has  alreody  been  discussed. 

Thus  it  v/as  shcytvn  that  any  fruit  that  Is  forced  to  develop  under  these  conditions 
v/il!  be  seedless  or  parthenocarpic  (SB).     Parthenocarpy  per  se  may  not  be  en  unde- 
sirable characterlsti^c,  but  concomitant  developments  lend  to  the  unsuitobiiity  cf 
parthenocarpic  frulir^  for  market,  especially  v/hen  these  fruit  are  h.ondled  mechanically. 
Parthenocarpic  fruit,  v/hile  having  tf^e  same  color  and  flesh  characteristics  as  normal 
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fruit,  hove  only  partial!/  filled  locules  (113).     The  fruit  is  typically  puffy  (air  filled), 
pointed  end  subject  to  premature  breakdown  (172).     This  early  breakdown  is  most 
likely  due  to  premature  softening  (80).    Therefore,  fruit  set  with  auxin  treatments 
would  certainly  handle  poorly  under  the  more  severe  conditions  of  mechanical  harvest. 
Consequently,  ony  program  that  Is  designed  to  use  auxins  in  promoting  an  Increosed 
yield  for  a  single  mechanical  harvest  in  Florida  mutt  attempt  to  avoid  the  foliar 
syrnptcrns  In  the  whole  plan!  treatment  required  by  labor  cost  and  unavailability  and 
also  to  avoid  the  excessive  production  of  parthenocarpic  fruit.    The  success  of  this 
type  of  program  seems  improbable  with  the  present  knowledge  of  these  compounds. 

Although  TIBA  and  the  phthalamic  acids  cannot  bs  defined  precisely  as  auxins, 
they  are  Included  in  the  same  context  due  to  many  similarities  (158). 

Since  Its  development  {75),  the  compound  N-meta-tclylphthclarnic  add  (MrAT, 
Duraset*)  has  been  follarly  applied  to  tomatoes  v/ith  success  (121,   156,   157,   153, 
168)  in  Increasing  a  single  (early)  yield  and  total  yield.    These  experiments  were 
carried  out  in  northern  areas  under  admitted  (121)  low  night  temperatures.    This 
suggests  an  activity  similar  to  auxin.    Research  in  a  southern  area  (54)  foiled  to  show 
on  increase  in  total  number  of  fruit  and  Indicated  a  softening  of  the  trea^ed  Fruit.    A 
definite  auxin-like  activity  Is  found  in  the  ability  of  the  N-arylphthalamic  acids  to 
promote  parthenocarpic  fruit  (157,   158).     Even  though  auxin  activity  is  stroi-.gly 
suspected,  the  higher  rates  (200  ppm)  and  foliar  sprays  v/ithout  foliar  symptoms  Indi- 
cate a  much  lov/er  activity  and  possible  practical  applications.     In  fact,  the  material 
Duroset  is  ovailable  for  commercial  use. 

NMT  may  not  behave  entirely  as  an  auxin,  though  there  are  indications  that  It 
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has  characteristics  in  common  with  TIBA.    The  results  that  shov/  increased  flower 
production  {75,   157)  were  conducted  primarily  with  indeterminant  and  semi-deter- 
minant varieties.    This  would  implicate  NMT  in  cancelling  apical  dominance,  an 
action  also  attributed  to  TIBA.    This  is  not  a  clear-cut  response,  however,  for  some 
varieties  that  did  demonstrate  an  increased  number  of  flowers  were  determinant. 

In  many  of  the  above  experiments.  Increasing  early  yield  was  the  primary 
obiectlve  instead  of  increasing  uniformity.    Therefore,  it  is  necessary  at  this  point 
to  make  o  distinction  between  early  yield  and  uniform  yield  and  clarify  the  relation- 
ship betv/een  the  two.    Early  yield  refers  to  the  fruit  harvested  first,  early  in  the 
season.     It  is  Important,  especially  In  winter  and  early  spring  production  areos, 
because  the  early  fruit  brings  the  highest  market  price.    The  fruits  harvested  for 
the  early  mocket  are  obviously  those  from  the  first  cluster  and  typically  the  yield  Is 
small.    Chemical  techniques  designed  to  increase  the  early  yield  ere  aimed  ct  In- 
creasing the  fruit  set  of  the  first  cluster. 

Unlfo.m  yield,  on  the  other  hand,  refers  to  the  amount  of  fruit  of  the  some 
physiological  age.    Already  stated,  the  goal  in  artificially  increasing  the  size  of 
the  uniform  yield  is  to  increase  the  number  of  fruit  set  at  any  one  particular  time 
and  carrying  this  fruit  load  through  to  harvest.    Therefore,  techniques  devised  for 
increasing  the  early  yield  could  also  be  applicable  to  increasing  uniform  yield. 

Little  field  work  hos  been  conducted  with  TIBA  applications  on  tomato;  however, 
to  reiterate  the  remarks  made  under  effects  on  abscission,  TIBA  has  an  anti-auxin 
effect  in  prcmoiing  aLicission  and  causes  increased  flower  production  In  non- 
determinant  varieties  (81,  184).     Problems  that  could  arise  with  field  appllcotion 
v/ould  be  expected  folior  sympvoms.     Symptoms  such  as  reductio,-i  of  lecif  area, 
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reduced  iniemode  length  and  fasclaMon  could  seriously  Impair  the  yield  and  quality 
of  the  treoied  fruit. 

Glbbereilins 
Gib'uoTellins  generally  have  a  v/ide  spectrum  of  growth  responses  (181).    Among 
the  flowering  responses  Is  promoting  the  fruit  set  of  tomatoes.    Rappaport  (131) 
found  wit'n  twice  v/eekly  applications  of  100  and  200  micrograms  per  plont  (foliar 
application)  that  stem  elongation  v/as  Increased.     Flowering  was  hastened  by  three 
to  six  days  without  offecting  number  of  nodes  with  25-100  micrograms  and  normal 
and  parthenocarpic  fruit  set  was  increased  by  1-500  micrograms  per  ml.    The  flower- 
ing response,  then...  is  very  similar  to  that  of  auxins.     The  Increased  parthenocorpy 
could  well  be  due  to  the  heterostylus  (style  exsertion)  condition  found  by  Bukovoc 
and  Honma  (31)  after  gibberellin  treatments.     Other  gibbereilin  effects  are  not 
similar  to  auxin.    Although  glbbereilins  have  been  found  to  have  an  opposing  effect 
to  that  of  ethylene  In  delaying  senescence  (suppress  fruit  ripening)  (52,   144),  they 
still  accelerate  abscission  (138).     Prior  research  in  Florida  (59)  has  failed  to  show 
ony  beneficial  effects  from  gibberellin  treatments  on  tomatoes,  and,  in  fact,  a  yield 
reduction  was  reported. 

Ethylene 
Since  ethylene  is  a  gas,  obvious  application  difficulties  have  prevented  field 
experiments.     Now,  a  liquid  formulation  is  available  that  produces  much  the  same  effocta 
as  ethylene  gas  (42,   141,  169)  and  does,  in  foct,  accelerate  the  ripening  of  tomatoes 
(141)  parollei  to  the  manner  of  ethylene.    This  material,  2-chloroethylpho5phonic 
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acid  (CEPHA,  AmChem  66-329,  Efhrel)J  has  been  shov/n  (170)  io  evolve  ethylene 
gas  on  an  almost  one  to  one  molar  ratio  when  titrated  vvitn  NaChi.    V/ith  a  malerial 
such  OS  this  it  is  possible  to  make  field  applications  as  foliar  sprays.    Ethrel  was 
found  not  to  Initiate  growth  of  emasculated  flowers  or  increase  the  growth  rate  of 
pollinated  or  parthenocarpic  tomato  fruit.    The  only  flowers  that  were  induced  to 
abscisy  were  unpollinaied,  mature  flowers  (84).     However,  some  fruit  abscission- 
inducing  chernlcols/Such  as  ascorbic  acid,  have  been  thought  to  act  through  a  re- 
sultant increased  emission  of  ethylene  (45).     Ethrel  did  not  have  any  effect  on  fruil' 
size  but  Decelerated  ripening  by  five  to  six  days.    Whole  plant  sprays  of  1000  pprn 
applied  to  five-leaf  stage  plants  caused  inhibition  of  terminal  bud  growth  and  arrested 
growth  for  two  weeks  followed  by  abnormal  growth  of  many  lateral  buds.     When 
applied  to  later  ^'oges,  these  effects  v/ere  not  observed,  and  only  the  typical  ethy- 
lene symptoms  of  epinasty  were  seen  (107,   136,   149). 

Further  evidence  of  the  ethylene-glbberellin  antagonism  is  presented  by  Robin- 
son, Shannon  and  De  La  Guordia  (137)  when  Ethrel  treatments  were  seen  io  modify 
andromonecious  cucumber  line  by  inltoting  the  production  of  perfect  or  female  flowers. 

Ethrel  applications  would  then  have  two-fold  effects.     By  hastening  the  ripening 
of  mature  green  tomatoes,  ease  of  sorting  could  be  increased;  those  fruit  too  mature 
for  shipment  to  fresh  market  could  be  used  In  canning  operations.    Secondly,  by 
thinning  those  blossoms  v/hlch  were  at  anthesis,  a  more  uniform  yield  could  be  obtained. 

The  treatments  will  have  little  effect  on  the  immature  fruit  since  it  has  been  dem- 
onstrated (106,   129)  that  ethylene  treatments  will  not  ripen  Immature  fruii,  only  force 
color  development.     Difflcoliies  that  arise  are  the  tendancy  to  "shatter"  or  abclid 
prematurely  during  harvest  and  the  poor  handling  characteristics  of  the  riper  fruit  (19). 
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MATERIMS  AND  METHODS 

Selection  of  Chemicals 
In  order  to  present  the  development  of  this  project  designed  to  produce  a 
temporary  method,  with  present  varieties,  of  promoting  uniform  fruit  set  and  main- 
taining that  set  throucjh  to  a  uniform  maturity,  the  criteria  of  selecting  materials  are 
outlined  below. 

I  The  techniques  explored  were  in  the  area  of  chemical  growth  regulators 
directly  effecting  the  fruir  set  or  obsclssion  process. 

II  The  chemlcols  tested  have  shown  promise  in  this  regard. 

III  The  desired  characteristics  of  the  chemicals  include: 

A.  Desired  results 

1.    Sign'f'ficantly  increase  single  yield 

a.  Increase  fruit  set  at  any  one  lime 

b.  f^educe  fruit  set  at  other  times 

B.  Eose  of  opplicotlon 

1.  Low  Jobor  requlrsment 

2.  Biocd  application  period 

3.  No  special  equiprrient  requirements 

C.  Ease  of  procurement 

1.     CoaHTiercIa!  availability  (registered  for  uss) 
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2.    Low  cost 
D.     No  deleterious  effects 

1 .  Foliar  symptoms 

2.  Quality  of  fruit 

a.  Handling 

b.  Consumption 

The  materials  selected  for  testing  were: 
Ascorbic  Acid  (vitamin  C) 
Boron  (boric  acid,  H3BO3) 
Calcium  (calcium  cblorlde,.  CaCL^) 
Duraset  (N-meta  toylp'nthalamic  acid) 
Ethre!  (chloroethylphosphonic  acid) 
Gibberellin  (gibberellic  acid,  GAo) 
lAA  (indoleacetic  acid) 
TIBA  (2,  3,  5-tri-iodobenzoIc  acid) 
Also  included  were  two  compounds  submitted  for  testing  by  Dr.  H,   H.   Bryan, 
Subtropical  Experirr.ent  Station,  Homestead,  Florida: 
Emery  C-9'    (formula  not  known) 
Fatty  Acid  Ester^    (formula  not  known) 

Foil  1968 

Preliminary  Field  Screening 
On  August  15,  greenhouse  grown  tronsplants  of  the  variety  Floridol  were 


'  Emery  Industries,   Inc.,  4300  Ccrev/ Tov-zer,  Cincinnati,  Ohio. 
^  Procter  and  Gamble  Co.,  301  E.  Sixth  St.,  Cincinnati,  Ohio. 
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mechanically  transplanted  into  single  ro.vs  in  the  field  ot  the  Horticultural  Unit 
experimental  farm  of  the  University  of  Florida,  Gainesville.    The  rev/  spacing  v/as 
6  feet  center-to-center.    The  beds  v/ere  raised  3  feet  wide  with  IS  inches  for  the 
in-row  spacing.    The  soil  type  was  on  Arrendondo  fine  sand  v/ith  a  pH  of  about  5.0 
to  5.5,     Prior  to  planting  the  land  was  fumigated  with  20  gallons  per  acre  of  D-D 
and  1,200  pounds  per  acre  of  6-8-8  fertilizer  v/ith  40  pounds  per  ton  of  FTE  503 
were  applied  in  bonds.     The  microelement  analysis  of  this  fertilizer  v/as  then  3.0 
percent  B,  3.0  percent  Cu,  18.0  percent  Fe,  1 .5  percent  Mn,  0.2  percent  Mo  and 
7.0  percent  Zn.    About  midv/ay  in  the  season  the  crop  was  sidedressed  with  an  addi- 
tional 800  pounds  per  acre  of  15-0-15  fertilizer.     Overhead  irrigation  was  used  to 
supplement  natural  rainfall  which  was  generally  heavy.    Weekly  applications  of  a 
Sevin-Zineb  combination  at  1 .25  pounds  per  100  gallons  and  2,0  pounds  per  100 
gallons    respectively  were  made.    These  applications  were  made  v/ith  a  tractor  drawn 
sprayer  of  the  blower  type  at  a  rate  of  100  gallons  per  acre.     Cultivation  v/as  accom- 
plished by  hand  and  mechanical  means.    The  plants  v/ere  not  staked. 

The  treatment  plots  v/ere  30  feet  long  in  the  row  ond  replicated  three  times  in  a 
random  pattern.    The  cheinical  treatments  v/ere  applied  with  a  1  gallon  stainless  steel 
Hudson  pneumatic  sprayer.    A  4  liter  mix  of  the  chemical  was  made  for  the  three 
replicates  v/ith  0.  1  milliliter  Triton  b-1956  per  liter  as  a  surfactant.    Application 
was  made  by  spraying  to  foliar  run-off  according  to  the  rates  end  times  appearing  in 
Table  I. 

As  this  experiment  v/as  meant  only  for  initial  explorotlon,  no  combinations  were 
used;  the  experimental  dssign-vios  a  five  x  two  x  two  factorial  with  five  chemicals, 
tv/o  rates  and  b//o  times  of  application.    The  concentrations  v/ere  chosen  to  brocket 
those  used  in  previously  reported  works  (37,   172,   179,   180).    The  times  of  application 
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Table    1 

CHEMICALS,  CONCENTRATIONS  AND  TIMES  OF  APPLICATION  USED  IN  THE 

FALL  1963  EXPERIMENT 


First  Bloom 
Duraset  (100  parfs  per  million)* 
Duraset  (300  ppm) 
Emery  C-9  (0.5  pe."  cenf)** 
Emery  C-9  (1.5  per  cent) 
Ethre!  (200  ppm)** 
Ethrel  (600  ppm) 

Fatty  Acid  Ester  (0.5  per  cent)*^ 
Fatty  Acid  Ester  (1.5  per  cent) 
lAA  (lOppm)*-^- 
lAA  (30  ppm) 
Control — no  applications 


Second  Bloom 
Duraset  (100  parts  per  million) 
Duraset  (300  ppm) 
Emery  C-9  (0.5  per  cent) 
Emery  C-9  (1.5  per  cent) 
Ethre  I  (203  ppm) 
Ethre  I  (600  ppm) 
Fotfy  Acid  Ester  (0.5  per  cent) 
Fatty  Acid  Ester  (1.5  per  cent 
lAA  (10  ppm) 
lAA  (30  ppm) 


*    Weight  by  Volume  determination 

**    Volume  by  Volume  determination 

+    Solutions  prepared  by  disolving  10  and  30  milligrams  lAA  in  10  end  30  milliliters 
of  95    percent  ethyl  alcohol  respectively  and  then  bringing  to  1  liter  volume  v/ith 
top  v/ater 
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were  chosen,  following  tlie  recommendai'ions  of  Johnson   (37)  and  Slngietary  (148),  as 
when  the  majority  of  flowers  had  developed  in  the  first  end  second  inflorescences:    or 
at  about  tv/o  and  four  weel<5  after  transplanting.     Lack  of  space  prohibited  the  screening 
of  all  materials  selected  at  this  time,  and  although  the  activity  of  lAA  was  well  defined 
(87)  It  v.'cs  Included  as  a  treatment  for  a  check  on  application  methods  and  times. 
The  fruit  was  harvested  prematurely  on  November  5  in  order  to  avoid  a  pre- 
dicted frost.    The  original  criterion  for  harvest  was  for  10-20  percent  of  the  coiTtroI 
fruit  to  be  ripe.    All  fruit  were  horvesied  and  a  count  v/as  made  of  the  number  of  fruit 
from  each  treatment  in  each  of  the  following  classes: 

1 .  Green 

2.  Moture  Green  through  Pink 

3.  Light  Red  and  Ripe 

These  dosses  v/ere  accoidlrig  to  ihe  calegories  as  described  by  the  United  States 
Department  of  Agriculture  (164).    The  discrimination  betv/een  green  (immature)  and 
mature  green  fruit  was  made  on  the  basis  of  size  (fruit  smaller  then  2  inches  in  diam- 
eter wete  excluded)  and  subjective  maturity  measures,  such  as  firmness  (overly  firrn 
fruit,  suggesting  inadequate  internal  jell  formation, were  excluded)  and  skin  develop- 
ment.   An  informal  check  of  the  reliability  of  these  criteria  by  observing  ripening 
ability  proved  this  method  workable  and  consistent  with  others  (46,   103,   182). 

A  subsample  of  20  fruit  of  U.S.   Number  1  grade  and  uniform  in  size  and  maturity      • 
(breaker  stage  as  defined  by  the  U.S.D.A.  (164)  from  category  2  above)  was  taken 
frorr,  each  treatment.    These  subsamples  were  treated  v/ith  50  parts  per  million  of 
Chlorine  (cs  Sodium  Hypochlorite)  and  removed  for  quality  evaluation. 

Quality  Evaluation 
Eight  of  the  chlorine  treoted  fruit  v/ere  selected  from  each  subsample,  placed 
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in  one  gallon  glass  containers  and  an  airflow  of  13-15  liters  per  hour  v/as  di-'ected 
into  each  container.     The  containers  were  placed  In  a  darkened  room  and  on  attempt 
was  made  to  maintain  a  constant  temperature  of  63°F  but_4-  10°F  fluctuations  were 
noted.    Ripening  characteristics  end  ripe  fruit  quality  were  monitored  only  by  ob- 
servations. 

Statistical  Evaluation 
Yield  data  of  each  category  and  total  v^'ere  analysed  using  a  one-way  analysis 
of  varlonce,  and  individual  mean  differences  among  treatments  for  each  category  and 
total  were  determined  with  the  Duncan's  Multiple  range  test  as  described  by  Steel 
and  Torrle  (153). 

Spring  1969 
Field  Plots 

The  variety  Tropl-Gro  was  direct  seeded  in  the  field  on  March  12.    The  row 
spacing  v/as  again  6  feet  conter-to-center  on  raised,  3  feet  wide  beds.     However, 
in  this  experiment  the  beds  were  covered  with  a  black  polyethylene  mulch  and 
planting  was  accomplished  by  cutting  holes  In  the  plastic  at  15  inch  intervals  and 
placincj  tv/o  to  three  seeds  per  hill.     The  soil  type  used  in  this  experiment  v/as  a  Leon 
fine  sand  v/Ith  a  pH  of  4.5-5.0  on  the  Horticultural  Unit  of  the  University  of  Florida. 
Preplont  fumigafion  and  inllial  fettilizatlon  v/ere  carried  out  as  before,  although  side- 
dressing  v/as  done  with  lOCO  pounds  per  acre  of  6-8-8  fertilizer.     Insect  and  disease 
control  and  Irrlgction  v/ere  as  In  the  fall  1968  experiment  but  supplemental  Irrigation 
was  more  frequent  during  this  season  due  to  the  normally  lov/  rainfall. 

The  experimental  unit?  v/ere  plots  50  feet  long  in  the  row  under  a  completely 
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random  experimental  design  end  replicated  three  times. 

Treatment  applications  v/ere  made  as  before  with  the  hand  carried  sprayer.     For 
this  experiment, however,  Triton  X-100  was  used  as  the  surfactant.     In  addition,  it 
was  found  that  about  1.2  liters  of  solution  per  plotwere  sufficient  for  complete  wetting 
of  the  p'onfe  in  early  stoges;    later  on,  2.0  liters  v/ere  required. 

The  chemicals,  concentrations  and  times  of  application  appear  in  Table  2.    Be- 
sides the  treatments  appearing  In  Table  2,  non-replicated  applications  of  gibberellic 
acid  (35  ppm)  and  ascorbic  acid  (10,000  ppm)  were  made  at  third  bloom  plus  one 
week  for  observatlonol  trials.    The  terms  first,  second  and  third  bloom  are  for  con- 
venience; a  more  precise  definition  of  these  periods  was  made.     First  bloom  cone- 
sponded  to  the  fourth  to  fifth  internode;  the  flowers  of  the  first  inflorescence  were 
formed  but  not  open.    The  second  bloom  was  defined  as  occurring  at  the  eighth  to 
ninth  internode.     Finally,  the  third  bloom  was  considered  os  when  the  fifteenth  In- 
florescence was  mature  (the  sixteenth  inflorescence  was  open  but  not  mature)  or  about 
two  weeks  after  the  second  bloom.    The  treatment  made  one  week  following  the  third 
bloom  corresponded  to  the  time  when  this  variety  ceased  its  bush-like  appearance 
and  became  more  prostrate. 

In  order  to  alleviate  the  problem  of  differentiating  Immature  green  from  mature 
green,  Kvo  harvests  were  made.    The  first  harvest  v/as  carried  out  when  an  estimated 
10  percent  of  the  fruit  were  completely  ripe.    This  harvest  was  conducted  on  June  16, 
and  the  only  fruit  harvested  were  those  between  the  breaker  stage  and  ripe.    The 
fruit  v/ere  then  sorted  Into  the  following  three  categories: 

1 .  Breaker 

2.  Pink 

3.  Light  red  and  ripe 
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Table  2 

CHEMICALS,  CONCENTRATIONS  AND  TIMES  OF  APPLICATION  USED  IN  THE 

SPRING  1969  EXPERIMENT 


First-  Bloom 


Second  Bloo 


m 


Third  Bloom 


Third  Bloom  plus 
1  week 


DurasGt  (200  ppm)* 
Duraset  (200  ppm) 

Duraset  (200  ppm)        Boric  Acid  (20  ppm)* 
Duraset  (200  ppm)        Boric  Acid  (20  ppm) 

Boric  Acid  (20  ppm) 


Ethrel  (1,250  ppm)** 

Ethrel  (1,250  ppm) 
Ethrel  (1,250  ppm) 
Ethrel  (1,250  ppm) 


Boric  Acid  (20  ppm) 

Colclum  Chloride  (20  ppm)' 

Boric  Acid  (20  ppm) 

plus 
Calcium  Chloride  (20  ppm) 


Control — no  applications 


*  Weight  by  Volume  determination 
■*  Volume  by  Volume  determination 


Ethrel  (1,250  ppm) 
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The  weighf  of  fruit  in  each  one  of  these  categories  was  then  taken.    Twenty-five 
fruit,  U.S.  Number  1,  and  of  uniform  size  and  maturity  were  subsampled  from  the 
breaker  class,  dipped  in  50  ppm  chlorine  and  placed  in  a  dark  ripeiiing  room  at  63°F 
and  80  percent  relative  humidity.    The  fruit  v/ere  later  removed  for  quality  evaluatioi. 

Eight  days  after  the  first  harvest,  a  second  harvest  was  conducted;   this  time  oil 
fruit  were  harvested-   Since  this  harvest  did  require  the  separation  of  mature  green 
from  Immature  green,  the  criteria  used  in  the   fall  1968  experiment  were  again  em- 
ployed to  separate  the  fruit  into  the  following  categories: 

1 .  immature  green 

2.  Mature  green 

3.  Breakers 

4.  Pink 

5.  Light  red  and  ripe 

The  weight  of  fruit  in  each  class  was  taken  and  the  subsarnple  of  tv/enty-flve  fruit  in 
class  three  was  taken  and  treated  as  in  the  first  harvest. 

Quality  Evaluation 
Bio-yield  point 

After  12  hours  In  the  ripening  room,  five  fruit  were  removed  and  the  bio-yield 
point,as  described  by  Keener  (91),  of  the  whole  fruit  v/as  determined  with  an  Instron 
stress-strain  analyser  equipped  with  a  tip  constructed  to  the  dimensions  of  those 
found  on  the  Magness-Tayler  pressure  tester  (1 12).    The  fruit  was  positioned  in  a 
shallow  dish  filled  with  moist,  fine  sand  that  offered  good  support.    This  dish  was 
then  placed  on  the  load  cell  anvil  and  the  cross-head  was  allowed  to  descend  at  a 
speed  of  one  inch  per  hour.    When  the  bio-yield  point  v/as  evidenced  by  c  peak  on 
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the  chart,  the  cross-head  was  reversed.     In  order  io  get  an  estimate  of  skin  strength, 
an  area  on  the  tomato^  slightly  larger  than  the  cross-sectional  area  of  the  penetrating 
tip  (seven  sixteentfts  inches),  was  peeled  and  the  difference  between  the  bio-yield 
force  of  the  peeled  section  and  the  bio-yield  force  of  an  unpeeled  section  189° 

opposed  on  the  some  fruit  was  taken  to  represent  the  skin  strength.    This  method 
was  used  Instead  of  the  puncture  method  evaluated  by  Voisey  and  Lyall  (167) 
in  order  to  avoid  the  laborious  procedure  of  providing  a  satisfactory  sample  of 
skin. 

The  remaining  fruit  were  allov/ed  to  ripen  for  7  days  at  which  time  they  were 
removed  for  further  analysis. 

Texture 

Three  fruit  were  randomly  selected  and  sliced  at  right  ongles  to  the  central  axis 
with  a  parallel  bladed  knife.    A  100  gram  sample  of  one  fourth  Inch  slices  selected 
from  only  the  equatorial  area  was  then  placed  v/ith  the  slice  at  right  angles  to  the 
grid  cell  of  a  Kramer  shear  press  equipped  v/ith  the  2500  pound  proving  ring  and 
operated  ot  the  10  percent  range.    Three  readings  were  token  from  different  samples 
of  the  resistance  of  the  flesh  to  shear  forces,  giving  a  measure  of  the  firmness  or 
texture  of  the  toaiafo  flesh  (160). 

Color 

According  to  the  methods  used  by  Hall  (68)  and  McColium  (103),  equal  and 
opposite  quarter  sections  were  obtained  for  testing  by  cutting  parallel  to  the  central 
axis  in  two  planes,  90°  opposed.    Thus  only  one  half  of  the  fruit  was  used  in  analysis. 
The  locular  jell  and  seeds  were  separated  from  the  pericarp  and  independent  analysis 
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was  conducted  on  each  sample  (see  Ficjure  I),    Each  sampla  svos  homogenized  In  a 
blender  for  1  minute  at  low  speed  and  f;U-;red  through  a  single  layer  of  cheese  cloth. 
One  hundred  ruilliiiier  allquots  \vera  taken  from  each  filtrate.    Approximately  0.  1 
rnilllliter  antlfoaming  agent  (Dowfcarn)  was  then  added  to  the  aliquots  which  v/ero 
evacucted  fo;-  20  minute^.    The  a/b  color  rorlo  was  then  determined  throu^jh  the  use 
of  a  Hunter  color-difference  meter  (145). 

Soluble  solids 


The  remaining  cheese  cloth  filtrate  was  then  filtered  through  commercial  paper 
towels  cut  to  fit  Buchner  funnels.    The  fil Irate  was  frozen  for  later  analysis.     Upon 
thawing,  soluble  solids  content  as  percent  v/as  measured  with  a  Bauch  and  Lombe 
Abbe  13L  table  model  refractometer  by  placing  tv/o  drops  of  the  filtrate  on  the  prism 
end  taking  the  readings.     Each  reading  v/as  duplicated  and  corrected  for  temperahjre 
variations. 

pH  and  titratable  acidity 

From  the  thawed  samples  two  10  milliliter  aliquots  were  diluted  with  40  milli- 
liters of  distilled  v/ater  and  pH  defsminTi-ions  were  made  with  a  Fisher     pH  meter. 
The  samples  were  then  titrated  to  a  pH  of  8,0  v/ilii  0.  IN  NaOH  on  c  Fisher 
titrimeter  (71), 

Statistical  Evaluation 
The  yield  results  for  each  category  and  total  as  raw  data  and  as  percent  of  the 
overall  treatment  totals  and  the  results  from  all  quality  evaluations  were  analysed 
with  a  one-way  analysis  of  variance  and  individual  mean  differences  were  determined 
with  the  Duncan's  ^Aultip!e  range  test. 
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Figure  1 


SCHEME  OF  ANALYSIS  USED  IN  EVALUATING  THE  QUALITY  OF  FRUIT  OBTAINED 

IN  THE  SPRING  1969  EXPERIMENT 


Horvest 

Subsaniple  25  breaker  stage  fruit 
Chlorine  dip  (50  ppm  for  30  seconds) 
"Ripjening  room  (68°F,  80  per  cent  RH,  dark) 


12  hours 


Bio-yield  point 
determination  of  5  fruit 


Outer  and  inner  pericarp  "*- 

i  

Blender  (1  minute)  *^ 

Filter  throuqh  cheese  cloth 

V 

Filtrate 

Take  100  milliliter  aliquots 

I 

Add  antifoam  agent 
Vacuum  (20  minutes) 
Color  determination 


7  days 


Ripe  fruit 


■■*^Slice  3  fruit  into  one  fourth  inch  slices 
Select  100  grams  of  equatorial  slices 
Texture  determination 


V 


Cut  equal  and  opposite  sections 

V 


— >  Locular  je 


and  seeds 


Filter  through  paper  towel 


Freeze 


Thaw 


^ 


Soluble  solids  determination 

V 

Two  Samples  of  10  milliliters  plus 
40  millilltors  of  distilled  water 

Titrotable    oddity  and  pH  determinntions 
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Fall   1969 

Field  plots 

Plonts  of  the  variety  Tropi  -Gro  were  transplanted  into  the  field  at  the  Horti- 
cultural Unit  on  Augusl  21.    The  transplanting  v/as  done  by  hand  using  plants  grown 
in  peat  pots  filled  with  commercial  potting  mix.    The  soil  t)'pe  was  an  Arredondo 
fine  sand  with  a  pH  of  obout  5.5-6.0.    The  row  spacing  and  plant  density  were  as 
in  the  spring  and  the  rov/s  were  again  covered  with  o  black  polyethylene  mulch. 
Fertilization,  insect  and  disease  control  and  irrigation  were  also  carried  out  os  in 
the  spring  1969  experiment.    Treatments  were  made  as  before  with  the  hand  carried 
pneumatic  sprayer  on  triplicate  30  feet  long  plots  under  a  completely  random  design. 

The  chemicals  used,  their  concentrations  and  times  of  oppiication  appeor  in 
Table  3.    The  times  of  application  were  as  defined  in  the  previous  experiment.    The 
rates  of  boric  acid  and  Ethrel  were  reduced  somewhat  in  order  to  determine  if  less 
material  could  be  used  with  the  same  results. 

On  November  17,  following  a  killing  frost,  all  fruit  were  l-iarvested  and  sorted 
into  the  following  categories: 

1 .  Immature  green 

2.  Mature  green 

3.  Breaker  and  pink 

4.  Light  red  and  ripe 

Since  a  Chi-square  test  of  the  resulh  of  the  spring  experiment  in  the  classes 
of  breaker  and  pink  showed  no  difference  in  variance  and  thus  that  the  two  popu- 
lations were  the  same,  these  tv/o  categories  were  combined  in  this  experiment.     The 
weights  were  taken  from  each  class  and  the  fruit  was  discarded  due  to  frost  damage. 


37 


Table  3 

CHEMICALS,  CONCENTRATIONS  AND  TIMES  OF  APPLICATION  USED  IN  THE 

FALL  1969  EXPERIMENT 


FirsI  Bloom  Second  Bloom  Third  Bloom 

TIBA  (15ppm)-*  + 

TIBA(15ppm)  Boric  Add  (10  pprn)* 

TIBA  (15  pprn)  Etlirei  (1 ,000  ppm)^' 


*  Weight  by  Volume  determination 

**  Volume  by  Volume  determination 

4-  Solutions  prepared  by  disolving  15  milligrams  TIBA  in  15  milliliters  of  95  per- 
cent ethyl  alcohol  and  bringing  to  1  liter  volume  v/ith  tap  v/ater 


30 

Quality  Evaluoi-Ion 
The  fruit  v/ere  compared  only  by  observation  for  any  abnormalities  that  could  have 
been  caused  by  the  chornico!  treatments.     No  other  evaluation  was  made  due  to  ihe 
fact  that  not  enough  undamaged  fruit  were  available  for  valid  comparison. 

Statisticol  Evaluation 
Yield  data  for  each  category  and  total  v/ere  analysed  according  to  the  analysis 
of  vorionce,  and  differences  between  the  means  of  classes  within  treatments  were 
compared  v/ith  the  Duncan's  Multiple  range  test. 

Bioassay  of  Auxins  In  the  Fruit 
In  order  to  investigate  the  auxln-ethylene  relationship  further,  on  experiment 
was  conducted  to  isolate  ond  compere  by  the  Avena  coleoptile  straight  growth  test 
the  auxins  prodjced  In  tomato  fruit  over  time  v/Ith  and  without  treatment  by  400 
ppm  Ethrel. 

Experimental  procedure 

Forty  mature  green  tomato  fruit  of  uniform  size  and  appearance  were  chosen 
from  the  guard  rows  of  the  fall  1969  experimental  plot.    After  the  usual  50  ppm 
chlorine  dip,  15  fruit  were  treated  by  a  30  second  dip  In  400  ppm  Ethrel  (the  con- 
centration was  reduced  from  that  used  In  the  field  experiment  because  It  was  felt 
that  under  these  conditions  the  field  rate  would  be  excessive).    All  fruit  were  then 
placed  under  standard  ripening  conditions.    After  an  initial  extraction,  samples  of 
five  fruit  each  were  selected  at  one  week  intervals  for  four  v^eeks  and  the  indole 
auxin  components  were  isolated  for  assay  with  the  Avena  straight  growth  test. 
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IsolaHcri  hechnique 

The  technique  used  for  extracting  the  Indole  auxins  was  a  modification  of  the 
ethyl  alcohol  extraction  procedure  presented  by  Vll'os  and  Meudt  (166).     The  juice 
of  whole  fruit  was  expressed  by  a  hand  press  through  cheese  cloth  Inio  a  sufficient 
volume  of  95  percent  ethyl  alcohol  to  produce  a  final  concentration  of  80  percent 
alcohol.    This  solution  was  then  filtered  through  Whatman  number  5  filter  paper  in 
a  Buchner  funnel.    The  filtrate  was  evaporated  to  dryness.     The  residue  was  then 
redissolved  in  100  milliliters  of  acetonltrile  (an  Indole  ring  solvent)  and  this  solution 
v/as  washed  three  times  in  a  separatory  funnel  with  hexone  which  was  discarded. 
The  acetonltrile  fraction  was  then  evaporated  and  the  residue  dissolved  in  2  milli- 
liters of  100  percent  isopropyl  alcohol.    This  fraction  wos  sto.ed  in  brown  gloss  at 
40°F  until  thin  layer  chromatographic  piciting  could  be  done.    The  plating  was  done 
by  spotting  50  microliters  of  the  propono!  fraction  onto  Avicel  coated  thin  layer 
plates  and  developed  for  5  hours  in  80  percent  propanol .    The  Rf  value  was  deter- 
mined with  a  ]0~^  Molar  standard  of  lAA  and  locating  the  spot  with  a  50:1  mixture 
of  5  percent  perchloric  acid  and  0.5  M  ferric  chloride.    After  drying,  five    hundredih.s 
of  a  gram  sample    of  the  thin  layer  material  from  the  Rf  area  was  scraped  off  and 
dissolved  in  the  Avena  coleoptile  test  buffer. 

Bloossay 

A  typical  Avena  straight  grov/th  test  for  auxin  activity  as  described  by  Leopold 
(97)  was  then  conducted.    The  results  were  analysed  using  the  t  statistic  (1 17)  to 
test  for  an  increase  In  coleoptile  length  for  the  extracts  from  treated  and  untreated 
samples. 
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Spring  1970 

Harvest  Msthod  Comparison 

In  order  to  economically  compare  hand  harvest  with  machine  harvest  and  nochlne 
harvest  of  chemically  treated  fruit,  a  mixed  integer  progiamming  model  (66)  v/as  da- 
vised  with  the  help  of  Dr.  M.  R.   Longham,  Department  of  Agricultural  Economics, 
Institute  of  Food  and  Agricultural  Sciences,  University  of  Florida,  Gainesville, 
Florida. 

The  purpose  of  this  model  was  to  evaluate  the  economic  significance  of  the  data 
obtained  in  the  previous  experiments  and  to  provide  the  grower  with  an  aid  In  their 
tomato  harvest  decisions.    The  model  was  designed  to  compare  the  variable  costs  per 
acre  of  each  harvest  method  plus  the  fixed  cost  per  year  required  if  a  mechanical 
harvester  was  purchased,  the  unit  yield  from  all  of  the  methods  and  the  price  per 
unit.    The  limits  placed  on  the  model  were  yield  from  each  method,  labor  availoble 
and  acres  available. 

Statement  of  the  model 


The  goal  of  the  model  was  to  maximize  the  following,   linear,  revenue  function 
(Z). 

Z  =  a]X]  -02X2  -a3Xj-FC(Q)  -!-  PX4 

Where: 

a^  =  variable  cost  per  acre  for  hand  harvest  method 

X]  =  number  of  acres  to  be  hand  harvested 

02  =  variable  cost  per  acre  for  machine  harvest  method 

X2  =  number  of  acres  to  be  machine  harvested 
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03    =  variable  cost  per  acre  for  machine  harvest  method  and  chemical  treatment 
X3  =  number  of  acres  to  be  machine  harvested  and  chemicolly  treated 
FC   -■  fixed  cost  per  year  of  machinery 
Q     =0  variable  which  takes  on  the  value  0  or  1 
P      =  price  per  40  pound  crate 

X4  -  amount  sold.  In  40  pound  crates,  from  the  3  methods 
Certain  assumptions  were  made  regarding  the  above  function  and  are  as  fellows: 

1.  I  he  variable  cost  functions  are  linear  over  the  range  of  values  considered. 

2.  There  ore  no  other  sources  of  revenue. 

3.  Only  field  costs  ore  pertinent  and  shed  and  shipping  costs  need  not  be 
considered. 

4.  All  of  the  yield  is  sold  at  the  same  price. 

Certain  restraints  v/ere  placed  on  the  revenue  (objective)  function.    The  first 
of  these  provided  that  the  sum  of  the  acres  used  for  all  methods  could  not  exceed  a 
designated  maximum. 

Xi  +  X2  4-  X3  4-  X5  =  A 

X2  -A(Q)LE'-     0 

X3  -A(Q)  LE       0 

Q    IE        1 

Q  Gb'-  0 

Q       aninteger 

^Less  than  or  equal  to 


* 


Greater  than  or  equal  to 


Where: 

A  =  maximum  acres  available  for  cultivation 
Xc  -  "slack"  or  unused  acres 
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It  can  be  seen  that  the  first  Kvo  restraints  containing  the  Q  term  will  never  be 
effective  but  they  require  thot  Q  be  nonzero  if  either  or  both  X2  and  X3  are  nonzero, 
and  since  Q  was  restricted  to  be  an  integer,  if  either  or  both  X2  or  X3  wera  positive, 
Q  would  take  on  the  value  1  and  ossure  that  the  fixed  charge  (FC)  was  incurred. 

A  balanced  equation  required  that  the  amount  produced  must  equal  the  amount 
sold. 

YiX]  +  Y2X2  +  Y3X3  =:X4 
Where: 

Y]  =  yield  (40  pound  crates)  expected  per  acre  from  hand  harvest 

¥2=  yield  (40  pound  crates)  expected  per  acre  from  machine  harvest 

Y3  ;■  yield  (40  pound  crotes)  expected  p2r  acre  from  machine  harvest  of 
chemically  treated  fruit. 

Finally  a  labor  restriction  v.'os  placed  on  the  objective  function.  This  restriction 
required  that  the  sum  of  the  man-hours  of  labor  used  in  each  method  could  not  exceed 
a  maximum  amount  available. 

L^X]  i  L2X2  4-  L3X3  4-  X^  =  SL 
Where: 

L-j    =  labor  (man-hours)  required  per  acre  for  hand  harvest 

L2   n  labor  (man-hours)  required  per  acre  for  machine  harvest 

L3  =  labor  (man-hours)  required  per  acre  for  machine  harvest  of  chemically 
trecited  fruit 

X^  =  "slack"  or  unused  labor 

SL  =  maximum  labor  (man-hours)  available 

The  objective  function  and  restraints  are  arranged  in  a  tableau  in  Table  4. 
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Generalion  of  parameters 
Costs 

The  variable  cost  per  acve  for  hood  harvest  was  token  as  the  1968-1969  picking 
expense  for  growers  in  the  Immokalee-Lee  area  of  Florida  {57).    This  figure,  $218.13, 
is  representative  of  harvest  costs  for  ground-grown,  mature  green  tomatoes  in  Florida. 
The  costs  for  machine  harvest  had  to  be  interpolated  from  California  data  (128).     Using 
the  hourly  requiremenh;  for  mochine  harvest  of  tomatoes  in  California  and  labor  costs 
for  Florida  (29)  of  $2.50  per  hour  for  supervisors,  $2,00  per  hour  for  harvester  operator, 
$1.30  per  hour  for  sorters,  $1.65  per  hour  for  trailer  drivers  and  fork  lift  operators, 
$2.00  per  hour  for  miscellaneous  labor  and  a  $21 .92  per  acre  machine  cost,  a  per 
acre  variable  cost  of  $114.64  was  obtained.    The  variable  cost  per  acre  for  the  machine 
harvest  of  chemicolly  treoted  tomatoes  included  the  above  cost  plus  an  arbitrary  $15.00 
per  ocre  materia!  cost  and  a  $3.03  per  acre  application  cost  (three-fourths  of  an  hour 
per  acre  at  $1.65  per  hour  for  labor  and  $1.80  per  acre  for  equipment)  (26)  for  using 
some  type  of  chemical  treatment.    The  fixed  cost  per  yeor  of  machine  harvesting  was 
taken  as  $6,574.00  (128)  and  no  fixed  costs  were  assigned  to  hand  harvest  methods. 

Price 

The  initial  price  used  was  $2.50  per  40  pound  crate  but  this  was  to  be  increased 
in  $.25  steps  to  $5.00  per  crate. 

Acreage 

An  initial  limit  of  50  acres  was  set  to  be  later  varied  at  25  acre  intervals  to 
4,000  acres. 
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Yields 

Using  the  1968-1969  yield  average  from  the  imrnokalee-Lee  area  os  a  basis  (28), 
experimental  yields  were  ccnverfed  to  compare  to  a  normal  yield.    Thus  Y]  ond  Y2 
v/ere  obtamed  by  niultiplying  the  expected  hand  harvest  yield  (Y]  -  264  40  pound 
crates)  for  the  Immokalee-Lee  aroo  by  the  percent  of  normal  yield  obtained  from 
treating  the  spring  1969  experimental  yields  as  a  once-over  harvest  and  eliminating 
the  liffht  red  through  ripe  category  of  the  first  harvest  and  the  Immature  category  of 
the  second  harvest. 

Labor 

The  labor  requirements  used  for  hand  harvest  were  11 7. 9  man-hours  per  acre  (28); 
57.93  man-hours  for  machine  harvest  and  58.68  man-hours  for  machine  harvest  and 
chemical  treatment  (128).    A  total  available  labor  limit  was  arbitrarily  set  at  3,500 
man-houis  but  was  to  be  varied  at  300  man-hour  intervals  to  a  maximum  of  20,000 
man-hours. 

Solution 

The  assembled  data  were  then  transferred  to  a  Hollerith  card  data  deck  for  sub- 
mission to  the  International  Business  Machine  Model  360  computer  at  the  Computing 
Center,  University  of  Florida, for  solution  under  the  Mathematical  Programming  System 
(MPS)  360  control  program  (115). 

Parametric  programming 

The  sub-routines  available  v/ithin  the  MPS  360  program  thot  allowed  the  pora- 
meters  (coefficients  and  restraints)  to  be  varied  in  discreei  steps  were  utilized  to 
evaluate  the  sensitivity  of  the  model  (72,   115).    The  parameters  which  were  of  doubtful 


46 
accuracy  or  vallcllty  thai  were  varied  were  the  variable  cost  of  the  machine  horvest 
of  chemically  treated  fruit,  price,  acreage  restroints,  yields  frCTi  both  mechanical 
harvesting  methods  and  labor  restraints. 


RESULTS 

Fa  I!  1968 

Foliar  Sympfoms 
The  only  foliar  symptom  noted  was  some  leaf  roll  in  the  early  lAA  treatments, 
especially  at  30  ppm. 

Yield  Data 
Single  harvest 
Light  red  and  ripe  fruit 

The  effects  of  the  treatments  on  the  single  yield  of  light  red  and  rips  fruit  ere 
presented  in  Table  5.     It  is  evident  from  the  data  that  the  later  applications  of 
Duraset  at  100  ppm  and  Fatty  Acid  Ester  at  1.5  percent  gave  the  highest  yield  of 
ripe  fruit.    Also  high3r  than  control  yields  v/ere  obtained  with  both  applications  of 
lAA  at  10  ppm,  Emery  C-9  at  1 .5  percent  end  Ethrel  at  600  ppm  applied  at  the 
second  bloom. 

Immature,  mature  green  through  pink  fruit  and  total  yield 

There  was  no  significont  difference  between  the  single  harvest  yields  of  ony 
treatment  en  irti.riature,  mature  green  through  pink  fruit  or  total  yield  (see  Table 

6). 

A7 
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Table  5 

EFFECT  OF  CHEMICAL,  CONCENTP^ATiON  AND  TIME  OF  APPLICATION  ON 
THE  AVERAGE  NUMBER  OF  LIGHT  RED  AND  RIPE  FRUIT  PER  PLOT, 

FALL  1968 


Time 

of  Appli 

[cation 

First  Bloom 

Second  Bloom 

(2  weelcs  after  transp! 

ant)     (4 

weeks  after  transplant) 

Chemical 

Concentration 

Number 

Duraset 

100  pprn 

5.6  fgh* 

21. 6o* 

Duraset 

300  pprn 

6.3efgh 

9.6  bcdefg 

Emery  C-9 

0.5% 

4,6  gh 

S.Odefgh 

Emery  C-9 

1.5% 

13.0  bcde 

20.0  ob 

Ethrel 

200  ppm 

4.6  gh 

9. 3  cdefg 

Ethrel 

600  ppm 

1.6  h 

12.0  cdef 

F.  A.  Ester 

0.5% 

1.3  h 

3.0  gh 

F.  A.  Ester 

1.5% 

5.6  fgh 

21.0a 

lAA 

10  ppm 

16.0  obc 

15.3  abed 

lAA 

30  ppm 

7.3efgh 

7.3efgh 

None 

4.3  gh 

Those  numbers  followed  by  the  some  letter(s)  are  not  significantly  different  at  the  5 
percent  level. 
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Table  6 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIAAE  OF  APPL  !CAT!ON  ON 
THE  AVERAGE  NUMBER  OF  IMMATURE,  MATURE  GREEN  THROUGH  PINK 

AND  TOTAL  FRUIT  PER  PLOT* 
FAIL  1963 


_  Time  of  Application 


First  Bloorn  Second  Bloom 

Immature    MG — pink      Total  Immature  MG--pInk  Total 

Chemical  Concentration  Number 


Duraset 

lOOppm 

103.0 

55.6 

164.3 

80.0 

65.3 

182.6 

Duraset 

300  ppm 

90.6 

57.0 

154.0 

99.6 

77.6 

231.3 

Emery  C-9 

0.5% 

99.3 

55.3 

159.3 

119.9 

68.3 

189.6 

Emery  C-9 

1.5% 

123.0 

72.6 

207.6 

121.0 

75.0 

216.0 

Ethrel 

200  ppm 

129.6 

70.3 

224.6 

55.0 

31.6 

96.0 

Ethrel 

600  ppm 

79.3 

32.3 

113.3 

73.0 

39.3 

124.3 

F.  A.  Ester 

0.5% 

99.6 

53.6 

154.6 

132.6 

67.0 

203.3 

F.  A.  Ester 

1.5% 

115.3 

84.6 

205.6 

124.0 

96.0 

241.0 

lAA 

10  ppm 

113.3 

81.0 

210.3 

148.6 

89.0 

253-0 

lAA 

30  ppm 

117.6 

54.6 

179.6 

103.6 

64.6 

208.3 

Immature     MG — pink     Total 
None  121.3  62.0         187.6 


''A  one-way  analysis  of  variance  v/as  unable  to  detect  any  significont  difference  at  the 
5  percent  level. 
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Quality  EvnluaMon 
Ripening  characterisHcs 

No  externally  evident  differences  were  noted  in  the  mature  green  fruit  as  they 
ripened;  however,the  later  Ethrel  applications  were  fully  ripe  one  to  two  days  earlier 
than  the  other  treatments.     Increasing  the  Ethre!  concentration  from  200  ppm  to  600 
ppm  increased  the  early  ripening  tendency. 

Handling  characteristics 

The  lAA  and  second  bloom  Duraset  treated  fruit  showed  o  tendency  to  break 
down  more  rapidly  as  woi  evidenced  by  an  increased  amount  of  bacterial  sofi  rot  in 
these  fruit.     Some  parthenocarpy  was  noted  In  the  LAA  treatments. 

Spring  1969 

Foliar  Symptoms 
The  Ethrel  treatments  were  the  only  ones  showing  definite  foliar  symptoms. 
These  symptoms  v/ere  epinasty.  Increased  formation  of  adventitious  roots  and  an 
early  tendency  for  the  vines  to  lose  their  bush-like  appearance  and  become  prostrate. 
Some  blossom  drop  was  apparent.    The  foliar  symptoms  were  not  permanent  and  new 
growth  was  unaffected,  the  plants  treated  at  the  third  bloom  having  lost  all  symptoms 
by  harvest. 

Yield  Data 
First  harvest 
Light  red  and  ripe  fruit 

The  effect  of  the  chemlcol,  concentrotlon  and  time  of  application  on  the  yield 
of  light  red  and  ripe  fruit  appears  in  Tabis  7.     Here  It  Is  shown  that  the  greatest 
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Table  7 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON 
THE  AVERAGE  YIELD  OF  LIGHT  RED  AND  RIPE  FRUIT  PER  PLOT— FIRST  HARVEST 

SPRING  1969 


Time  of  Appiicat-Ion  and  Chemical  Average  Yield  + 

Third  Bloorr.  Per  Cent  of 

First-  Bloom  Second  Bloom  Third  Bloom        plus  1  weel;        Pounds  Total 

Duraset* 

Duraset  Ethrel** 


Duras3t 

Boric  Acid*** 

Duraset 

Boric  Acid 

Ethrel 

Boric  Acid 

Ethrel 
Ethrel 

Boric  Acid 

Colcium  Chloride*** 

Boric  Acid 

Plus 

Calcium  Chloride 

Control 

ppm 

*     200 

** 1,250 

ppm 

Ethrel 


5.33  d 

2.88  de 

7.96  cd 

4.45  cde 

3.43  d 

2.00  e 

13.83  b 

7.93  b 

12.13  be 

7.73  be 

5.60  d 

3.56  de 

19.80  a 

12.33  a 

5.40  d 

2.38  d3 

5.46  d 

3.15de 

8.86  bed 

5.50  bed 

4.96  d 

2.84  de 

**       20  ppm 

+  Numbers  follov/ed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  p-^rcent 
level. 
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effect"  on  the  early  yield  of  these  fruit  wcs  produced  by  the  later  Ethrel  opplication. 
The  absolute  yield  (expressed  as  pounds)  and  relative  yield  (expressed  as  percent  of 
the  gi'and  total  of  the  various  classes  and  harvests  within  the  treatments)  were  both 
much  higher  than  the  ccntrol.     Similar,  though  not  as  extensive,  effects  were  also 
shown  by  the  Duroset-boric  acid-F.tnre'  combination  and  the  boric  acid-Ethrel  com- 
bination.    Finally,  the  Duraset-Ethrel  treatment  produced  a  higher  absolute  yield 
the  the  control  but  did  not  demonstrate  a  significantly  different  relative  yield. 

In  addition,  the  gibberellic  acid  and  ascorbic  acid  treaiments,  applied  at  third 
bloom  plus  one  vvee!<,  produced  yields  of  4.  17  pounds  and  6.55  pounds,  respectively. 
Since  these  trials  were  not  replicated,  they  cannot  be  compared  directly  v/ith  the 
other  treatments  but  the  yields  are  comparable  with  treatments  that  did  not  differ 
significantly  from  the  control. 

Breaker  through  pink  fruit 

Although  the  raw  data  were  taken  on  the  tv/o  separate  classes  of  fruit,  breaker 
and  pink,  a  Chi-square  test  (117)  of  the  replicate  totals  of  both  classes  showed  no 
difference  between  the  two  populations,  indicating  that  the  sorting  procedure  for 
separating  these  two  classes  was  not  valid.    Thus  the  two  categories  v/ere  combined 
for  treatment  comparison  and  the  results  appear  in  Table  8, 

When  expressed  as  absolute  yields,  ths  only  treatment  significantly  higher  than 
the  control  v/as  the  boric  acid-Ethrel  combination.     However,  a  reduction  in  yield  is 
seen  wiili  the  Duraset-Ethrel  and  boric  acid  plus  calcium  chloride  treatments. 

The  relative  yields  still  show  the  boric  acid-Ethrel  combination  to  be  higher  than 
control  but  the  later  application  of  Ethrel  also  produced  a  higher  percent  of  breaker  through 
pink  fruit  in  the  first  harvest.     No  treatments  show  a  relative  yield  lov/er  than  the  control. 
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Table  8 


EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON 
THE  AWRAGh  YIELD  OF  BREAKER  THROUGH  PINK  FRUIT  PER  PLOT— COAABINED 

DATA— FIRST  HARVEST,  SPRING  1969 


Firsf  Bloodi         Second  Bloom 


Duraset* 
Duraset 
Durcset 
Duraset 


Control 


Time  of  ApplicaHon  end  Chemical 

Third  Blocm 
Third  Bloom        plus  1  v/eek 


Boric  Acid*-* 
Boric  Acid 
Boric  A>cid 


Ethrel** 

Ethrel 
Ethrel 
Ethrel 


Ethrel 


Boric  Acid 

Calcium  Chloride*** 

Sofjc  Acid 

Plus 
Colcium  Chloride 


Averogci  Yield  4- 


Pounds 


Percent  of 
Total 


16.60  c 

9.37  c 

19.80  be 

11.23  be 

17.30  be 

10.46  c 

20.73  abc 

12.21  be 

27.13  c 

17.40  a 

15.93  c 

11.60  be 

24.30  ab 

15.13ab 

18.93  b 

8.65  c 

17.36  be 

10.51  c 

16.36  c 

10.11  c 

17.97  b 

10,15  c 

*     200  ppm 

**l,250ppm 

***       20  ppm 

4-  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  percent 
level. 
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The  gibberellic  acid  and  ascorbic  acid  treatments  yielded  15.45  pounds  and  8.53 
pounds  OS  an  absolute  yield,  and  it  appears  that  the  ascorbic  acid  treatment  would  be 
slgnificontly  lower  than  control,  but  since  these  are  only  observations,  no  definite 
conclusions  can  be  drav/n. 

Subtotal 

Many  of  the  same  effects  produced  by  chernica!,  concentration  and  time  of  appli- 
cation appear  in  the  first  harvest  total  yield.  Table  9,  as  are  seen  in  the  ripe  and 
breaker  through  pink  yields.     The  highest  early  total  yields  were  the  result  of  the  later 
Ethrel  treatment,  the  Duraset-boric  acid-Ethrel  combination  and  the  boric  acid--Ethrel 
combination.    Also  significantly  higher  than  control  yields  v/ere  obtained  by  the 
Duraset-Ethrel  treatment,  the  early  application  of  Ethrel,  the  boric  acid  rreotment 
and  the  boric  acid  plus  calcium  chloride  treatment. 

When  converted  lo  percent  of  treatment  totals,  however,  some  of  the  increased 
early  yield  is  not  as  evident.    The  late  application  of  Ethrel  still  produced  the  highest 
relative  yield,  followed  by  the  boric  acid-Ethrel  combination.    The  Duraset-boric 
acid-Ethrel  combination  wos  the  only  oth.er  treatment  that  produced  a  yield  signifi- 
cantly greater  than  the  control. 

Second  harvest 

Light  red  ond  ripe  fruit 

The  only  treatment  that  showed  a  significantly  greater  absolute  yield  of  light  red 
or\d  ripe  fruit  Is  boric  acid  alone  (Table  10).    Although  not  significant,  the  much 
higher  yields  of  Duraset-boric  acid-Ethrel,  boric  acid-Ethrel,  early  Ethrel  and  calcium 
chloride  treatments  could  prove  to  be  of  importance  in  later  trials.    One  treatment, 
Duraset-Etlirel,  showed  a  s:^);-,ificantly  lower  yield. 

An  interesting  shift  iii  significance  became  apparent  upon  conversion  to  percent. 
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Table  9 


EFFECT  OF  CHEMICAL,  CONClfNTRATION  ANDTIMF  OF  TREATMENT  ON  THE 
AVERAGE  TOTAL  YIELD  OF  FilUIT  PER  PLOT— FIRST  HARVEST,  SPRING  1969 


Time  of  Appiicot 

ion  and  Chemicol 

Avercge 

Yield  -1 

Third  Bl^ 

oom 

Percent  of 

First  Bloom 

Second  Bloom 

Third  Bloom 

plus  1  v/ 

se!< 

Pounds 

Total 

Duraset* 

21.96d 

12.26  e 

Duroset 

Ethrel** 

27.70  c 

15.69  cde 

Duraset 

Boric  Acid*** 

20.76  d 

12.46  de 

Duraset 

Boric  Acid 

Ethrel 

34.56  abc 

20.15  he 

Boric  Acid 

Ethrel 
Ethrel 

Ethrel 

39.26  ob 
28.90  be 
44.16  c 

25.14ab 
17.83  cd 
27.47  a 

Boric  Acid 

24.33  c 

11.05  e 

Calcium  Chloride*** 

22.83  d 

13.00  de 

Boric  Acid 

Plus 

Colciurn  Chloride 

25.23  c 

15.62  cds 

Control 

22.93  d 

13.00  ds 

*     200  ppm 
**l,250ppm 
***       20  ppm 
4-  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  percent 


eve!. 
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Table  10 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON 
Ti-IE  AVERAGE  YIELD  OF  LIGHT  RED  AND  RIPE  FRUIT  PER  PLOT- 
SECOND  HARVEST,  SPRING  1969 


Firsi"  Bloom         Second  Bloom 


Time  of  ApplIcaHon  ond  ChemlcQl 


Average  Yield  4- 


Third  Bloom  Percent  of 

Third  Bloom         plus  1  v/eek        Pounds  Total 


Durcsgr* 

Duraset 

Ehtrel*^ 

Duraset 

Boric  Acid*** 

Duraset 

Boric  Acid 

El-hrel 

Boric  Acid 

Ethrel 
Ethrel 

Boric  Acid 

Calcium  Chloride*** 

Boric  Acid 

Plus 

Calcium  Chloride 

Control 

*     200 

ppm 

**1,250 

ppm 

***       20 

ppm 

Eth 


re  I 


34.33  b 
23.00  c 
31.06  b 
38.30  ob 
44.76  ab 
40.76  ob 
30.96  b 
59.33  a 
46.93  ab 


34.30  b 
26.60  b 


19.24  abc 
13.28  c 
17.02  abc 
22.46  abc 
28.14  a 
25.38  ab 
19.04  abc 
26.33  ab 
26.27  ab 


21.35  abc 
16.67  be 


4-  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  percent 
level. 
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The  highest  relative  yield  was  that  of  the  boric  aciJ-Ethrel  combinollon.     No  other 
treotment  was  significantly  greater  than  the  control  on  a  percent  basis. 

The  gibberellic  acid  trial  produced  a  yield  of  light  red  and  ripe  fruit  of  44.88 
pounds  and  the  ascorbic  acid  trial  produced  a  yield  of  35. 16  pounds,  and  apparently 
nelthei  of  v/hich  was  significantly  different  from  the  control. 

Breaker  through  pink  fruit 

The  data  for  this  category  were  originally  taken  as  two  separate  classes.    Hov/- 
ever,  as  in  the  doi'a  for  the  first  harvest,  no  significant  difference  v/os  found  between 
the  classes,  thus  the  data  were  combined  for  analysis  and  appear  in  Table  11.    A  Chi- 
square  test  for  population  differences  between  the  breaker,  pink  and  mature  green 
classes  was  significant;  therefore, these  classes  could  not  be  combined. 

As  can  be  seen  in  Table  11  the  only  ireatment  to  produce  an  absolute  yield 
greater  than  the  control  was  the  boric  acid  treotn-.ent.    There  were  no  differences 
evident  In  the  relative  yields  of  any  treatment. 

The  yields  of  the  gibberellic  acid  and  ascorbic  acid  trials,  56.99  pounds  and 
40.66  pounds  respectively,  were  again  not  apparently  significant  although  the  ascorbic 
ocid  yield  was  lower  thar'  the  control. 

Mature  green  fruit 

In  this  category,  tlie  boric  acid  treatment  is  seen  (Table  12)  to  be  the  one  that 

resulted  in  a  significantly  higher  than  control  absolute  yield.    On  the  other  hand, 

several  treatments  reduced  ihe  yield  of  mature  green  fruit.    The  boric  acId-Fth'-el, 

early  and  late  Ethrel  and  boric  acid  plus  calcium  chloride  treatments  all  showed 

signlflcontly  lower  yields. 

In  reference  to  relative  yields,  ir  is  seen  that  Ihe  control,  Duraset-Ethrel  end 
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Toble  11 

EFFECT  OF  CHEMICAL,  CCNCENTRATiON  AND  TIME  OF  APPLICATiON  ON 
THE  AVERAGE  YIELD  OF  BREAKER  THROUGH  PINK  RUIT  PER  PLOT— COMBINED 

DATA--SECOND  HARVEST,  SPRING  1969 


Time  of  Appiicatior 

1  and  Chemicol 

Average 

Yield 

Third  Bi 

oom 

Percent  of 

First  Bloom 

Second  Bloom 

Third  Bloom 

plus  1  v/eek 

Pounds  -1- 

Total  +  + 

Durase^* 

59. 70  ob 

34.47 

Durasei- 

Ethrel** 

52.40  obc 

29.99 

Durasef 

Boric  Acid*** 

49.70  be 

29.30 

Duraset 

Boric  Add 

Ethrel 

48.40  be 

28.23 

Boric  Acid 

Ethrel 
Ethre! 

Ethrel 

43-80  c 
51.26  abc 
45.23  c 

28.04 
31.77 
28.05 

Boric  Acid 

63.46  a 

28.69 

Calcium  Chloride*** 

50.50  be 

28.24 

Boric  Acid 

Plus 

Calcium  Chloride 

55.36  abc 

34.09 

Control 

51.46  obc 

29.81 

*     200  ppm 
**  1,250  ppm 


***       20  ppm 


4-  Numbers  follov/ed  by  the  same  letter(s)  are  no!"  significantly  different  at  the  5  percent 
I I 


level . 


4-  + The  one-way  analysis  of  variance  was  unable  to  detect  any  significant  difference 
at  the  5  percent  level. 
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Table  12 


EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON 
THE  AVERAGE  YIELD  OF  MATURE  GREEN  FRUiT  PER  PLOT— SF.COND  HAPV^Sl, 

SPRING  1969 


Time  of  Application 

and  Chemical 

Average 

Yield  4- 

Third  Bloom 

Percent  of 

First  Bloom 

Second  B!oom 

Third  Bloom 

plur;  1  week 

Pounds 

Total 

Duraset* 

38.40  abed 

21.27  ab 

Duraset 

Ethel*" 

50.13ob 

28.35  a 

Duraset 

Boric  Acid^^** 

48.30ab 

28.45  a 

Duraset 

Boric  Acid 

Ethrel 

36. 13  abed 

20.51  ab 

Boric  Acid 

Ethrel 
Ethrel 

Ethrel 

18.26  d 
26. 83  cd 
28.50  cd 

11.20  c 
16.54  be 
17.74  be 

Boric  Acid 

55.16  a 

24.6Scb 

Calcium  Chlor' 

ide*** 

40.03  abc 

21.S7ob 

Boric  Acid 

Pius 

Calcium  Chlor 

ide 

30.46  bed 

18.62  be 

Control 

47.36  ab 

27.67  a 

*     200 

ppm 

**1,250 

pp.Tl 

***        20  ppm 
+  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  percent 


lev£ 
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Duraset-boric  acid  produced  the  highest  percent  of  mature  green  fruit  in  the  second 
harvest.    Also  not  slgnificantiy  different  from  the  control  v/ere  the  Duraset,  Duraset- 
borlc  acid-Ethre!,  boric  acid  and  calcium  c!-ilorIde  treatments.    The  remainder  of 
treatments  were  lower  than  the  control. 

The  gibbereliic  acid  and  oscorbic  acid  trials  foiiowed  much  the  same  pattern  as 
before.    The  gibbereliic  acid  yield,  39.58  pounds,  did  not  appear  significantly 
different  while  the  ascorbic  ocid  yield,  20.48  pounds,  did  not  seem  to  be  lower  than 
the  control. 

Immature  fruit 

There  was  no  effect  from  any  of  the  treatments  on  either  the  absolute  or  relative 
yield  of  immature  fruit  as  can  be  seen  in  Table  13. 

The  gibbereliic  acid,  25,74  pounds,  and  ascorbic  acid,  16.20  pounds,  yields 
also  did  not  seem  to  be  significant. 

Subtotal 

The  one  treatment  that  resulted  in  an  increase  in  the  absolute  total  yield  of  the 
second  harvest  is  evident  in  Table  14  as  the  bcric  acid  treatment.     No  other  treat- 
ment differed  significantly  from  the  control. 

Upon  conversion  to  percent,  the  increased  yield  of  the  boric  acid  treatment 
was  no  longer  evident.     In  relation  to  relative  yield,  the  only  sig.ilficant  effects  were 
those  lower  then  control.    The  early  and  late  applications  of  Ethrel,  the  Duraset- 
boric  acId-Ethrel  combination  and  the  boric  acid-Ethrel  combinaticns  showed  re- 
duced yields.     Duraset,  Duraset- Ethrel,  Duraset-boric  acid,  boric  ocid,  calcium 
chloride  and  boric  acid  plus  calcium  chloride  treatments  did  not  differ  from  the 
control. 
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Table  13 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TiME  OF  APPLICATION  ON 
THE  AVERAGE  YIELD  OF  IM^\.^TURE  FRUIT  PER  PLOT- -SECOND  HARVEST, 

SPRING  1969 


Time  of  Application  and  Chemical Average  Yield  "^ 

Third  Bloom  Percent  of 


First  Bloom  Second  Bloom  Third  Bloom        plus  1  week        Pounds Total 

Duraset* 

D'jraset  Ethiel** 
Duroset                Boric  Acid*** 

Duraset  Boric  Acid  Ethrel 

Boric  Acid  Ethre! 


Eth 


re  I 


Ethrel 


Boric  Acid 
Calcium  Chloride**"^ 
Boric  Acid 

Plus 
Calcium  Chloride 


Control 


22.56 

12.77 

22.90 

12.68 

19.30 

12.73 

15.23 

8.61 

11.73 

7.45 

13.66 

8.46 

12.16 

7.69 

20.53 

9.11 

20.10 

10.61 

16.93 

10.25 

22.45 

12.89 

*     200  ppm 

**l,250ppm 

**        20  ppm 

+  The  one-v/ay  analysis  of  variance  v/as  unable  to  detect  any  significant  difference 
at  the  5  percent  level. 
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•fable  14 


EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  TOTAL  YIELD  OF  R^UIT  PER  PLOT— SECOND  HAR^/EST,  SPRING  1969 


Duraset* 
Duraset 
Duraset 
Durasef 


Control 


Time  of  Application  and  Chemical 


Average  Yield  4- 


First  Bloom         Second  Bloom 


Third  Bloom  Percent  of 

Third  Bloom        plus  1  week        Pounds  Total 


**.- 

**  A 


20  ppm 


Boric  Acid*** 
Boric  Acid 
Boric  A\cid 


Ethrel** 

Ethrel 
Ethrel 
Ethrel 


Boric  Acid 

Calcium  Chloride*** 

Boric  Acid 

Plus 
Calcium  Chloride 


*     200  ppm 
1,250  ppm 


Ethrel 


155,00  ab 
1^3.43  b 
150.03  b 
138.06  b 
118.16  b 
132.53  b 
116.86  b 
198.50  a 
157.06  ab 


137.06  b 
149.63  b 


87.74  a 
84.30  cb 
87.53  a 
79.85  b 
74.85  bed 
82.16  b 
72.53  d 
38.95  a 
86.99  a 


84.37cb 
88.65  a 


+  Numbers  followed  by  the  same  letter(s)  are  not  significontly  different  at  the  5  percent 
level. 
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Grand  fotal 

No  significani'  difference  v/as  found  due  to  any  of  the  treatments  en  tKe  grand 
total  OS  is  shown  in  Tabie  15. 

Quality  Evaluation 
Bio-yield  point 
First  harvest 

The  effect  of  chemical,  concentration  and  time  of  application  on  the  average 
bio-yield  point  of  chamber  ripened  fruit  from  the  first  harvest  is  shov/n  in  Table  16. 
The  only  significantly  different  treatment  v/as  that  of  the  gibberellic  acid.    This  treai- 
menf  shows  a  much  more  firm  fruit  than  the  others. 

The  skin  strength  measures  proved  to  have  too  great  a  variation,  ranging  from 
2.9  to  8.0  pounds  in  the  same  replicates.     It  is  felt  a  much  larger  sample  would  be 
required  to  shov/  significant  differences/ond  there  may  be  some  question  as  to  this 
being  a  valid  measure  of  skin  strength  since  there  was  difficulty  in  removing  a  uni- 
form layer  of  skin. 

Second  harvest 

No  differences  were  found  among  the  treatments  in  the  second  harvest  (Toble  17) 
and  since  there  wos  not  enough  fruit  from  the  gibberellic  acid  and  ascorbic  acid 
treatments  for  a  complete  quality  analysis,  these  treotments  were  left  out  of  this  parti- 
cular test. 

Shsar  force 
First  harvest 

The  effect  of  chemical,  concentration  and  time  of  application  on  the  average 
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Table  15 


EFFECT  OF  CHEMICAL,  CONCENTRATION  ANDTIME  OF  APPLICATION  ON  THE 
AVERAGE  TOTAL  YIELD  OF  TWO  HARVESTS— COMf3INED  DATA,  SPRING  1969 


Time  of  Application  and  Chemical 


Du reset* 

Durcset 

Ethre 

Du reset 

Boric  Acid*** 

Durcset 

Boric  Acid                       Ethre 

Boric  Acid                       Ethre 

Ethre 

Boric  Acid 

Calcium  Chloride*** 

Boric  Acid 

Plus 

Calcium  Chloride 

Confrol 

*     200  ppm 

**l,,250ppm 

*** 


20  ppm 


Third  Bloom  Average  Yield 

First  Bloom  Second  Biooni  Third  Bloom        plus  1  v/eek  (pounds)  ■!- 


176.96 
176.13 
170.79 
172,62 
157.42 
161.43 
Ethrel  161.02 

222.83 
179.89 


169.29 
172.56 


+  Th3  one-way  analysis  of  variance  v/as  unable  to  detect  a  significant  difference 
of  the  5  percent  level. 
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Tools  16 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  BIO-YIELD  POINT  OF  WHOLE  BREAKER  FRUIT— FIRST  HARVEST, 

SITING  1969 


Time  of  Appilcation 

1  and  Chemical 

Third  Bloom 

Bio-Yield  Point 

First  Bloom 

Second  Bloom 

Thii-d  Bloom 

plus  1  v/eek 

(pounds)  T 

Duraset* 

7.56  be 

Duraset 

Ethrel** 

7.70  be 

Durosei- 

Boric  Acid*** 

8.33  be 

Du reset 

Boric  Aeld 

Ethre! 

7. 16  be 

Boric  Acid 

Ethrel 
Ethrel 

Ethre! 

6.96  be 
5.63  be 
6.30  be 

Boric  Acid 

6.00  be 

Calcium  Chloride*** 

6. 16  be 

Boric  Acid 

Plus 

Calcium  Chloride 

GA3  (35  ppn) 

Ascorbic  Acid 

(10,000  ppm) 

5.26  c 

14.60  a 

8.86  b 

Control 

6.30  be 

*     200  ppm 

**  1,250  ppm 

***        20  ppm 

+  Numbars  follcved  by  the  same  letter(s)  are  not  significantly  different  at  the  5 
percent  level. 
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Table  17 

EI^FECT  OF  CHEMICM,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  BIO-YIELD  POINT  OF  WHOLE  BREAKER  FRUIT— SECOND  HARVEST, 

SPRING  1969 


Time  of  Applico) 

"ion 

and  Chemical 

Third  Bloom 

Bio-Yieid  Point 

First  Bloom 

Second  Bloom 

Third  Bloom 

plus  1  week 

(pounds)  -!- 

Duraset* 

6.50 

Duraset 

Ethrel** 

7.46 

Durcsel 

Boric  Acid*** 

6.  GO 

Duroset 

Boric  Acid 
Boric  Acid 

Boric  Acid 
Calcium  Chloride 
Boric  Acid 

Pius 
Calcium  Chloride 

A** 

Ethrel 
Ethrel 
Ethrel 

Ethrel 

8.30 
7.73 
6.46 
8.10 
8,06 
8.00 

9.43 

Control 

8.16 

*     200 

ppm 

**1,250 

ppm 

***      20 

ppm 

-I- The  one-way  analysis  of  variance  v/as  unable  to  detect  ony  significant  difference 
at  the  5  percent  level. 
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force  required  to  shear  a  100  grnm  sample  of  slices  taken  from  chamber  ripened  fruit 
of  the  first  harvest  is  shown  in  Table  18.    Here  it  can  be  seen  that  the  single  Duraset 
treatment  shews  a  significant  difference  from  the  control  alihough  the  Duraset-boric 
acid  and  Duraset-boric  acid-Ethrel  treated  fruit  have  hicjher  values. 

In  the  evaluation  of  the  Ethre!  treated  fruit,  care  v/as  taken  to  ovoid  the  ones 
that  v/ere  beyond  the  stage  comparoble  with  the  other  treatments. 

The  gibberellic  acid  and  ascorbic  acid  treated  fruit  v/ere  nol  compared  in  this 
analysis  due  to  there  not  being  enough  fruit  available  for  adequate  replication. 
However,  the  measurements  mode,   112.5  pounds  and  102.5  pounds  for  the  gibberellic 
acid  and  ascorbic  acid  respectively,  compared  v/Ith  those  treotinents  that  were  higlier 
but  not  significantly  different. 

Second  harvest 

The  same  pattern  appears  in  this  test  as  is  seen  in  the  previous  one  (see  Table  19). 
The  data  show  only  the  Duraset  trcotmenl'  produced  significantly  firmer  fruit. 

Enough  of  the  gibberellic  acid  and  ascorbic  acid  treated  fruits  were  available 
to  provide  adequate  replication  and,as  is  evident  in  the  table,  they  did  nor  differ 
significantly  from  the  control. 

Color 

First  harvest 

No  difference  in  the  color  of  the  fruits  from  the  various  treatments  as  represented 

by  the  q/b  ratio  v/as  evident.  The  data  are  presented  in  Table  20.    Although  no 

statistical  comparison  v/as  made,  the  pericarp  fraction  appeared  to  have  a  generally 

higlier  a/b  ratio  than  the  locule. 
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Table  18 

EFFECT  OF  CHEA/.ICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVIRAGE  FORCE  REQUIRED  TO  SHEAR  100  GRAMS  OF  EQUATORIAL  SLICES 
TAKEN  FROMt  CHAMBER  RIPENED  FRUIT— FIRST  HARVEST,  SPRING  1969 


Time  of  App! 

icatlcn 

and  Chemical 

Third  Bloom 

Sheer  Force 

First  Bioom 

Second  Bloom 

Third  Bloom 

plus  1  v/eek 

(pounds)  4- 

Duraset* 

131.6a 

Durcsel- 

Ethrel** 

91.6  b 

Duraset 

Boric  Acid*** 

110, Oab 

Duraset 

Bc>-Ic  Acid 

Ethrel 

112.5Qb 

Bcsric  Acid 

Ethrel 
Ethrel 

EJhrel 

101.6  b 
97.5  b 
97.5  b 

E^orlc  Acid 

95.0  b 

CrAclum  Chloride*** 

90.0  b 

Boric  Acid 

mvs 

Qslcium  Chloride 

95.  Sb 

Control 

95.8  b 

*     200  ppm 

**l,250ppm 

*•''*       20  ppm 

+  Numbers  folTawed  by  the  same  letter(s)  are  not  significantly  different  at  the  5 
percent  levels 
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Table  19 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  FORCE  REQUIRED  TO  SHEAR  100  GRAMS  OF  EQUATORIAL  SLICES 
TAKEN  FROM  CHAMBER  RIPENED  FRUIT— SECOND  HARVEST,  SPP.ING  1969 


Time  of  ApplicaMon 

and  Cheinicc! 

Th^d  Bloom 

Sheor  Force 

First  Bloo! 

-n 

Second  Bloom 

Third  Bloom 

plus  1  week 

(pounds)  4- 

Duraset* 

112.5c 

Duraset 

Ethrel** 

98.3  abed 

Durasel 

Boric  Acid*** 

99. 1  abed 

Duraset 

Boric  Acid 

Ethrel 

107.5  ab 

Boric  Acid 

Ethrel 
EtI-irel 

Ethrel 

69.1  d 
79.  1  abed 
73.3  d 

Boric  Acid 

77.5  bed 

Calcium  Chloride*** 

105.0  abc 

Boric  Acid 

Plus 

Calcium  Chloride 

C:JA3  (35  ppm) 

Ascorbic  Acid 

(10,000  ppm) 

73.3  cd 
79. 1  abed 
106.6  ab 

Control 

95.0  cbcd 

*     200 

ppm 

** 1,250 

ppm 

***       20 

ppm 

4-  Numbers  followed  by  the  some  letter(s)  are  not  signif icontly  dliferant  av  the  5 
percent  level . 
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Table  20 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
a/b  COLOR  RATIO  OF  LOCULAR  AND  PERICARP  AREAS  OF  CHAMBER  RIPENED 
RU!T— FIRST  HARVEST,  SPRING  1969 


Tirna  of  Appli 

cation 

and  Chemica! 

a/b 

Second  Bloom 

Thiid  Bloom 

Third  Bloom 
plus  1  week 

Ratio  4- 

First  Blooin 

Locule 

Pericarp 

Duraset* 

L50 

2.78 

Duraset 

Ethrel** 

1.42 

2.22 

Duraset 

Boric  Acid"** 

1.16 

1.96 

Duraset 

Boric  Acid 
Boric  Acid 

Boric  Acid 
Calcium  Chlor' 
Boric  Acid 
Plus 

Calcium  Chlori 

ide*** 

ide 

Ethrel 
Ethrel 
Ethrel 

Ethrel 

1,31 
1,07 
1.10 
1.18 
1.15 
1.02 

1.27 

2.1] 
2.22 
1.83 
1.92 
1.98 
1.81 

1.74 

GA3  (35 

ppii 

^) 

1.33 

2.22 

Control 

Ascorbic 
(10,000 

Aci 
ppi 

id 
•n) 

1.22 
1.28 

2.04 
2.19 

*     200  ppm 

**l,250ppm 

***       20  ppm 

4- The  one-way  analysis  of  variance  was  unable  to  detect  any  significar-t  difference 
at  the  5  percent  level. 
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Second  harvest 

Similar  to  tlie  first  harvest,  the  second  harvest  showed  no  difference  In  color  cs 
Q  result  of  the  treatments  (see  Table  21).     Here  the  higher  a/h  raHo  of  the  pericarp 
was  even  more  morked. 

Soluble  solids 

The  effect  of  chemical,  concentration  and  time  of  applicaiion  on  the  average 
soluble  solids  content  of  the  locular  ond  pericarp  fractions  of  chamber  ripened  fruit 
from  the  first  and  second  harvests  is  presented  in  Tables  22  and  23. 

First  harvest 

Locule.--  As  presented  in  Table  22,  the  highest  soluble  solids  content  of  the  loculcr 
area  was  the  result  of  the  later  application  of  F.threl.    The  next  highest  percent  soluble 
solids  v/cs  produced  by  the  boric  acId-Ethre!  and  Duraset-boric  ocId-Ethrel  combinations. 
Following  this,  the  Duraset  and  boric  acid  treated  fruit  were  still  higher  in  soluble 
solids  thon  the  control.    The  last  treatment  to  be  significantly  higher  than  control  is 
the  Duraset-Ethrel  com.bination.     Finally,  the  gibberellic  acid  and  ascorbic  acid 
treatments  produced  fruit  v/Ith  locular  areas  that  were  significantly  lower  in  soluble 
solids  than  the  control. 

Pericarp.--  In  this  fraction  the  differences  were  not  quite  as  marked  (see  Table 
22),  although  the  pericarp  area  v/as  generally  higher  in  soluble  solids  than  the  locular  • 
area.    Here   no  treatment  was  different  than  the  control  yet  there  were  differences 
among  the  various  treatmenJs.    The  gibberellic  acid  and  Duroset-borlc  acid  treatments 
were  higher  than  the  boric  acid-Ethrel,  Duraset  and  Duraset-boric  acid-Ethrel 
treatments. 
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Table  21 

EFFECT  OF  CHEMICAL,  CONCF.NTRATiCN  AND  TIME  OF  APPLICATION  ON  THE 

a/b  COLOR  PtXTIO  OF  LOCULAR  AND  PERICARP  AREAS  OF  CHAMBER  RIPENED 

FRU IT" -SECOND  HARVEST,  SPRING  1969 


Time  of  Application  and  Chemical 

a/ a 

n 

Second  Bloom                Third  Bloom 

Third  Bloom 
plus  1  week 

Ratio  4- 

First  Biooi 

Locule 

Pericarp 

Durcset* 

1.20 

2.03 

Durmet 

Ethrel** 

1.49 

2.17 

Duroset 

Boric  Acid^-** 

1.28 

2.37 

Dura,-et 

Boric  Acid                      Ethrel 
Boric  Acid                      Ethrel 

Ethrel 

Boric  Acid 

Calcium  Chloride*** 

Boric  Acid 

Plus 
Calcium  Chloride 

Ethrel 

1.51 
1.40 
1.43 
1.70 
1.70 
1.49 

1,58 

2.30 
2.05 
2.45 
2.74 
2.46 
2.23 

2.50 

• 

GA3(35 

ppm) 

1.64 

2.13 

Ascorbic 

Acid 

1.57 

2.33 

(10,000 

ppm) 

Contro! 

1.82 

2.41 

*     200 

ppm 

** 1,250 

ppm 

***       20 

ppm 

•I-  fh?  cne-v/Qy  ariolysis  of  varicince  v/as  unobl?  to  detect  any  significant  difference 
at  ihe  5  percent  level. 
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Table  22 

EFFiZCT  OF  CHE.V.1CAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  SOLUBLE  SOLIDS  CONTENT  OF  LOCULAR  AND  PERICARP  AREAS  OF 
CHAMBER  RIPENED  FRUIT—FIRST  HARVEST,  SPRING  1969 


Control 


Time  of  ApplIcaMon  and  Chsmlcal  Soluble  Solids 

Third  DIocrn  (percent)  4- 

First  Bloom  Second  Gioorn  Third  Bloorri        plus  1  week        Locule  Pericarp 

Duraset* 

Duraset  Ethrel** 

Duraset 

Duraset 


Boric  Acid*** 

Boric  Acid 

Ethrel 

Boric  Acid 

Ethrel 
Ethrel 

Boric  Acid 

Calcium  Chloride**' 

Boric  Acid 

Plus 

Calcium  Chlor 

ide 

3.62  c 

3.85  cd 

3.32  de 

4.30  obc 

2.02  h 

4.50  a 

4.02  b 

3.70  d 

4.10ob 

4.00  bed 

3.42  d 

4. 17  abed 

Ethre! 

4.25  a 

4.37  ab 

3.50  cd 

4.37  ab 

2.50  h 

4.27  abc 

3.r;'ef 

4.07  abed 

GA3(35ppm) 

2.82  g 

4.51  a 

Ascorbic  Acid 

2.77  g 

4.  17  abed 

(10,000  ppm) 

3.07  f 

4.07  abed 

*     200  ppm 
**  1,250  ppm 


***       20  ppm 
4-  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5  percent 


level 
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Table  23 

EFFECT  OF  CHEMiCAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVEPvAGE  SOLUBLE  SOLIDS  CONTENT  OF  LOCULAR  AND  PERICARP  AREAS  OF 
CHAMBER  RIPENED  f-RU IT— SECOND  HARVEST,  SPRING  1969 


>ime  of  AppI 

icatior 

1  and  Chemical 

Soluble 
(percen 

Solids 

Second  Bloom 

Third  Bloom 

Third  Bioom 
plus  1  week 

0  + 

First  Bloom 

Locule 

Per  ice rp 

Duraset* 

4.05  g 

4.22  e 

Duraset 

Ethrel** 

4.37  be 

4.62  c6 

Durasef 

BorJc  Acid*** 

4.42  b 

5.02  ab 

Duraset 

Boric  Acid 

Ethrei 

4.42  b 

5.02  ab 

Boric  Acid 

Ethrel 
Ethrel 

Ethrel 

4.27  cde 
4.90  a 
4.25  cde 

4.62  cd 
5,25  a 

4.50  cde 

Boric  Acid 

4.30  bcde 

4.70  bed 

CoJcfum  Chloride*** 

4.20  ef 

4.35  de 

Boric  Acid 

Plus 

Calcium  Chloride 

4.10fg 

4.55  coe 

GA3  (35  ppm) 

4.22  def 

4.60  cd 

Ascorbic 

Acid 

4.35  bed 

4.85  be 

(10,000 

ppm) 

Control 

4.22  def 

4. 82  bed 

*     200  ppm 

**  1,250  ppm 

***       20  ppm 


4- Numbers  followed  by  the  some  letter(s)  are  not  significantly  different  ai  the  5  percent 
level . 
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Second  harvest 

Locule.---  The  paftsm  of  significant  differences  was  not  quite  the  same  as  in 
the  first  harvest.     In  this  harvest,  the  highest  locular  soluble  solids  are  apparent  in 
Table  23  as  those  from  fruit  treated  with  Ethrel  at  the  second  bloom.    Next  in  solu- 
ble solids  percent  ore  the  Duraset-boric  acid,  Duroset-boric  acid-Et'r.iei  and  Durcset- 
Ethrel  treatments.    The  remaining  treatments,  except  for  Duraset,  did  not  vary  signi- 
ficantly from  the  control  although  the  ascorbic  acid  and  boric  acid  treatments  tended 
to  higher  soluble  solids  content.    The  Duraset  treated  fruit  shov/ed  a  significantly 
lower  soluble  solids  content. 

Pericarp. —  The  same  differences  existed  In  the  pericarp  area  as  in  the  locular 
area  (see  Table  23),  although  not  as  well  defined.    The  early  Ethrel  treatment  is  the 
only  treatment  that  produced  significantly  higher  soluble  solids,  although  the  Duraset- 
boric  acid  and  Duraset-boric  acId-Ethrel  treatments  were  considerably  higher  than 
the  control.    As  in  the  locular  area,  the  pericarp  area  of  the  Duraset  treated  fruit 
■was    significantly  lower  in  soluble  solids. 

pH 

The  effect  of  chemical,  concentration  and  time  of  application  on  the  average  pH 
of  locular  and  pericarp  fractions  of  chamber  ripened  fruit  from  the  first  and  second 
harvest  is  shown  in  Tables  24  and  25. 

First  harvest 

Locule.--  Tho  effect  of  chsrnical,  concentration  end  time  of  application  on  the 
first  harvest  average  locular  pM  is  presented  In  Table  24.  In  Table  24  it  can  be  seen 
that  four  treaiments--Duro3et,  gibborellic  acid,  the  lotei'  applicatlo',  of  Erhrel  and 
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Table  24 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE.  pH  OF  LOCULAR  AND  PERICARP  AREAS  OF  CHAMBER  RIPENED  FRUIT- 
FIRST  HARVEST,  SPRING  1969 


Time  of  Appllcorton  ond  Chemical 


Third  Bloom  pH 


First  Bloom          Second  Bloom                Third  Bloom        plus  1  v/eek        Locule-1-  Pericorp-I- -1- 

Duroriat*                                                                                                               4.38  a  4.37 

Durcsei-                                                        Ethrel**                                           4.30  ob  4.31 

Duraset                Boric  Acid***                                                                        4.30ab  4,30 

Duroset                Boric  Acid                      Ethre!                                                4.20  c  4.29 

4.21  c  ^.26 

4.29  be  4.32 

Ethre!                  4.37  a  4.28 

4.12d  4.23 

4.27  be  4.30 


4.28  be  4.26 

GA3(35ppm)     4.38  a  4.27 

Ascorbic  Acid    4.36  a  4.45 

(10,000  ppm) 

Control 4.26  be  4.26 

*     200  ppm 

**  1,250  ppm 

***       20  ppm 

4-  Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5 
percent  level. 

T-  -i-The  one-'vvoy  analysis  of  variance  was  unable  to  detect  any  significant  difference 
ot  the  5  percent  level. 


Boric  Acid*** 

Boric  Acid 

Ethre! 

Boric  Acid 

Ethrel 
Ethrel 

Boric  Acid 

Calcium  Chlori 

ide*** 

Boric  Acid 

Plus 

Calcium,  Chlori 

de 

n 

Table  25 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  pH  OF  LOCULAR  AND  PERICARP  AREAS  OF  CHAMBER  RIPENED  FkUIT— 

SECOND  HARVEST,  SPRING  1969 


Time  of  Application  and  Chemical 


Third  Bloom Etljt 

First  Bloom  Second  Sloom  Third  Bloom        plus  1  week        Locule  Pericarp 

4.34  de  4.38  abc 

4.45  bed  4.21  bed 

4.40  de  4.35  abed 

4.44  bed  4.34  abed 

4.55  ab  4.50  a 

4.52  abc  4.43  a 

Ethrei  4.41  cde  4.44  o 

4.61a  4.47  a 

4.20  f  4.17cd 


4.26  f  4.19  cd 

GA3(35ppai)     4.52  abc  4.41  ab 

Ascorbic  Acid    4.45  bed  4.31  obcd 
(10,000  ppm) 

Control ._ 4.30  ef  4.15d 

*     200  ppm 

**l,250ppm 

***       20  ppm 

4-  Numbers  followed  by  the  same  letter(s)  ore  not  significantly  different  at  the  5  percent 
level. 


Durasei* 

Dura-et 

Ethrel 

Du  reset 

Boric  Acid*** 

Duraset 

Boric  Acid 

Ethrel 

Boric  Acid 

Ethrel 
Ethrel 

Boric  Acid 

Calcium  Chloride* 

:** 

Boric  Acid 

Plus 

Calcium  Chloi 

ide 

78 
asco.-Ijic  acid — produced  a  significantly  higher  pH  of  the  locular  area.    Also  in  this 
tabic-  the  significant  lowering  of  the  pH  by  the  boric  acid  application  is  seen. 

Pericarp. —  Ko  significant  effect  can  be  seen  due  to  the  treatments  on  the  pH 
of  til';  pericarp  orea. 

Second  harvest 

Locule.- —  An  almost  complete  reversal  of  the' effects  noted  in  the  first  harvest 
is  sc<;n  in  Table  25.     The  boric  acid  treatment  became  the  one  v/ith  the  highest  pH. 
Also  ".iijnificantly  higher  v/ere  the  boric  acid-Ethrel,  early  Ethrel  and  gibberellic 
acid  applications.     Finally,  the  Duraset-Ethrel,  Duraser-boric  acid-Eth/el  and 
ascorbic  acid  treatments  had  the  significantly  lov/est  pH,  other  than  the  control. 

Pericarp. —  In  this  cose,  significant  effects  among  the  treatments  were  nol-ed  in 
the  p  >iicarp  areas  (see  Table  25).    The  boiic  acid-Ethrel  combination,  early  oiid 
late  (ipplications  of  Ethrel  and  boric  acid  all  showed  the  highest  pH.     Others  not  as 
nigh,  liut  significantly  higher  than  conh^ol  values,  v/ere  the  Durcset  and  asccbic 
acid  tu-utments. 

Titrc  1 1 , 1  ble  acidity 

llio  effect  of  chemical,  concentration  and  time  of  application  on  the  average 
titrciliiMo  acidity  of  the  locular  and  pericarp  portions  of  chamber  ripened  fruit  from 
the  til  .I  and  second  harvest  is  presented  in  Tables  26  and  27. 

First  l)..(i\est 

l<vule. —  The  treatment  effects  on  the  titrateable  acidity  of  the  locular  area 
are  sli.«\vn  in  Toble  26.     Duraset  and  Duraset-boric  acid-Ethrel  produced  the  highest 
titroiul-ic  acidity  expressed  os  milliliters  of  one-tenth  Normal  sodiu.n  hydroxide 
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Table  26 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  TITRATABLE  ACIDITY  OF  LOCULAR  AND  PERICARP  AREAS  OF 
CHAMBER  RIPENED  FRUIT— FIRST  HARVEST,  SPRING  1969 


Time  or  App! 

ication 

arid  Chemical 

Titratcbl 

milliliters 

e  Acidity  4- 

Third  Bloom     (i 

of.l  NNoOH) 

First  Sloom 

Second  Bioom 

Third  Bloom 

plus  1  week 

Locule 

Pericarp 

Duraset* 
Duraset 

Ethrel** 

8.65  a 
7.15  be 

5.20  e 
6.05  a 

Duraset 

Boric  Acid*** 

4.15f 

5.50  c 

Boric  Acid 

Ethrel 

8.45  a 

5.50  c 

Boric  Acid 

Ethrel 
Ethrel 

Ethrel 

8.20  ab 
7. 10  be 
6.90  cd 

5.50  c 
5.20  e 
5.20  e 

Boric  Acid 

7.85  abc 

5.95  b 

Calcium    Chloride"^* 

i: 

5.70de 

5.50  c 

Boric  Acid 

Plus 
Calcium  Chlorida 

7.00  be 

5.80  b 

GA3(35[ 
Ascorbic 

3pm) 
Ac  id 

4.45  f 

4.60  e 

5.95  b 
5.30  d 

Control 

(10,000 

ppm) 

6.65  cd 

5.85  b 

*     200  ppm 
*^-- 1,250  ppm 


*'■'*        20  ppm 


4- Numbers  followed  by  f'm  same  letter(s)  are  not  significantly  different  at  the  5 
percent  level. 
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Table  27 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  TITRATABLE  ACIDITY  OF  LOCULAR  AND  PERICARP  AREAS  OF 
CHAMBER  RIPENED  FRUIT-SECOND  HARVEST,  SPRING  1969 


Timt 

Seco! 

i  of  Application 

and  Chernicol 

Titrate 
mill  ililers 

ble 
of 

A 
.1 

cidity  4- 

id  Bloom 

Third  Bloom 

Third  Bloom     (i 
plus  1  week 

NNaOH) 

First  Bloom 

Locule 

Pericarp 

Duraset* 

6.55  g 

4. 

,75  f 

Duraset 

Ethrel** 

9.55  b 

7. 

,05  a 

Duraset 

Boric 

Acid*** 

7.70  ef 

5. 

,35  e 

Duraset 

Boric 

Acid 

Ethrel 

8.35  d 

5. 

,70  cd 

Boric 

Acid 

Ethre! 
Ethrel 

Ethrel 

7.75  e 
8.45  d 
9.27  c 

4. 
5. 
5. 

.60  o 
,80  c 
,65d 

Boric 

Acid 

7.65  of 

5. 

,80  c 

Calcium  Chlori 

ide*** 

8.25  d 

5, 

,30e 

Bo.ic 

Acid 

Plus 

Calcium  Chlori 

ide 

7.50  f 

5. 

,60  d 

GA3(35i 

opm) 

8.45  d 

4. 

•  o5  g 

Ascorbic 

Acid 

7.75  e 

4, 

,75  f 

(10,000 

ppm) 

Control 

9.85  a 

6. 

.85  b 

*     200  ppm 

**  1,250  ppm 

'**       20  ppm 

4- Number  followed  by  the  same  !etter(s)  are  not  significantly  different  at  the  5  percent 
level. 
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required  to  tl^ra^e  q  given  volume  of  diluted  extract  to  pH  8.0.     hJo  other  treatments 
produced  a  significantly  higher  tilraiVible  acidity  hut  tho  Duruset-boric  acid, 
gibberellic  acid  and  ascorbic  acid  treatments  significantly  reduced  the  tltratable 
acidity. 

Pericarp. —  Although  generally  lower  (see  Table  26), the  titratable  acidity  of 
the  pericarp  areas  from  the  treated  fruit  did  not  parallel  that  of  the  locular  fraction. 
Here  the  highest  titratable  acidity  was  produced  by  the  Duroset-Ethrel  combination. 
All  other  effects  were  manifested  as  lower  than  control  titrotable  ccidit/.    The 
Duraset  treatment  and  the  two  Ethrel  treatments  produced  the  lowest  acidity  followed 
by  the  ascorbic  acid  treatmant  and  then  the  Duraset-boric  acid,  Duraset-boric  acid- 
Ethrel,  boric  acid-Ethrel  and  calcium  chloride  treatments. 

Second  harveot 

Locule. —  The  effects  on  the  locular  area  of  the  frull'  from  thi:  horvest  were 
demonstrated  as  all  treatments  producing  a  lower  titratable  acidity  than  the  control 
(see  Table  27).    The  lov/est  titratable  acidity  was  the  result  of  the  Duraset  treatment. 

Pericarp. —  One  treatment,  as  shov/n  in  Table  27,  demonstrated  an  increase 
over  the  control.    The  Duiaset-Ethrel  combination  produced  the  highest  titratable 
acidity  In  the  pericarp  fraction  of  the  fruit  in  the  second  horvest.    All  other  treot- 
ments  reduced  the  acidity  and  the  gibberellic  acid  ond  the  boric  acid-Ethrel  treat- 
ments reduced  it  the  most. 

Foil  1969 
Fol  ior  Symptoms 
Severe  foliar  symptoms  v/ere  observed  with  the  TIBA  applications.    These 
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symptoms  appeared  one  to  two  da/s  fo! lowing  treatment  and  Included  crinkled  leaf 
margins  stunted  plants^  delayed  flowering  and  flower  bud  fasciation.    The  symptoms 
began  to  disappear  at  about  20  days  following  treatment;   however, the  plant  size  never 
reached  that  of  the  conh'oL    The  flowering  remained  deloyed,.  the  TI3A  treated  plants 
setting  the  first  fruit  at  the  time  of  anthesls  of  the  second  bloom  (eighth  to  ninth 
internode  as  defined  here)  of  the  control  plants.    The  fasciation  v/as  not  extreme  but 
it  was  increased  by  the  TIBA  treatment  for  no  fascioted  flower  buds  were  found  in  the 
control  plants. 

The  boric  acid  treatments  tended  to  aggravate  the  TIBA  symptoms.    The  later 
application  of  bortc  acid  so  enhanced  the  stunting  of  the  plants  that  they  remained 
considerably  behind  the  control  plants  in  growth  throughout  the  season. 

Ethrel  symptoms  were  as  noted  in  the  spring,  epinosty  and  adventitious  root 
formation.    The  symptoms  were  not  as  extensive  in  this  experim.ent. 

Yield  Dcta 
Single  harvest 
Breaker  through  pink  fruit 

Table  28,  where  the  effect  of  chemical,  concentration  and  time  of  application  on 
the  average  single  harvest  yield  of  breaker  through  pink  fruit  is  presented,  shows  that 
no  significant  differences  exist  as  a  result  of  the  treatments  on  the  single  yield  of  breaker 
through  pink  fruit;   however.  It  does  indicate  that  all  treatments  reduce  the  yield. 

Mature  green  fruit 

It  is  evident  from  Tcble  29  that  the  yield  of  mature  green  fruit  was  significantly 
reduced  by  cii  treatments  and  the  TlBA-boric  acid  treatment  (the  chemicals  wore  applied 


83 


Table  28 

EFFECT  OF  CHEMICAL,  CONCENTI^TICN  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  WEIGHT  OF  bRL^KER  THROUGH  PINK  FRUIT  PER  PLOT— FALL  1969 


Time  of  ApplicaHcn  end  Chemical 


First  Bloom 


Second  Bloom 


TIBA* 

TIBAplui  Boric  Acid*^^ 

TIBA  Boric  Acid 

TIBA 

Corstrol 


Third  Bloom 


Efhrel 


*** 


Average  Yield 
(pounds)  -I- 


2.26 

4.06 

J3 

3.26 

S.70 


*        15  ppm 

**'        10  ppm 

***  5,000  ppm 

4- The  one-way  analysis  of  variance  wos  able  to  detect  a  significant  difference  only 
at  the  10  percent  level,  thus  the  Duncan's  Multiple  rangy  test  was  not  u?.ed. 
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Table  29 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  VVEJGHl  OF  MvATURE  GREEN  FRUIT  PER  PLOT— FALL,  1969 


Tinie  of  ApplicaHon  and  Chemica!  Average  Yield 


First  Bloom  Soccnd  Bloom  Third  Bloom  (pounds)  4- 


TI3A*  11.60  b 

TIBA  plus  Boric  Acid**  12.06  b 

TIBA  Boric  Acid                                                                        1.73  b 

TIBA  Ethrel***                             5.33  b 

Control  30.03  a 


*        15  ppm 
**        10  ppm 


*-ft* 


1,000  ppm 


+  Numbers  followed  by  the  same  letter(s)  are  not  significantly  differenl  at  the  5 
percent  level. 
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at  Kvo  times),  although  not  significant,  was  much  lower. 

Immature  fruit 

Again,  all  treatments  reduced  the  yield  belov/  that  of  the  ccntfol  (see  Tcble  30) 
although  the  TIBA  and  TiBA  plus  boric  acid  (the  chemicals  v/ere  applied  together) 
heatmeni's  did  not  reduce  it  significantly.    The  greatly  reduced  yield  of  the  TIBA- 
boric  acid  (split  application)  treatment  is  significant  in  this  case. 

Total 

The  some  pattern  as  seen  before  is  most  apparent  in  Table  31 .    The  TIBA  and  TiBA 
plus  boric  ccid  ireatments  v/ere  lower  but  not  significantly  differenl  from  the  conhol. 
The  TIBA-Ethrel  treatment  was  significantly  lower  and  \Ue  TlBA-boric  acid  (split 
application)  treatment  was  lowest. 

Quality  Evaluation 
Ripening  characteristics 

No  test  of  ripening  characteristics  was  made  due  to  frost  damage. 

Handling  characteristics 

No  difference  resulting  from  the  treatments  on  the  ability  of  the  fruit  to  with- 
stand mechanical  handling  or  on  the  market  quality  of  the  fruit  was  noted  by  ob- 
servation. 

Bioassay  of  Auxins  in  the  Fruit 
Effect  of  extract  on  coleoptlle  sections 

The  effect  of  treated  end  untreated  fruit  exh'acts  on  the  growth  of  Avena 
coleoptile  sections  is  presented  in  Tab'c  32.     From  those  dato  it  con  be  seen  ihat 
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Table  30 

EFFECT  OF  CHEKAICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  ON  THE 
AVERAGE  WEIGHT  OF  !M,nMTURE  FRUIT  PER  PLOT—FALL,  1969 


TIn!9  of  AppiiccHon  and  Chemical  Average  Yield 

Firs^  Bloom  Seccid  Bloom  Third  Bloom  (pounds)  4- 

TIBA*  9.30  ab 


TIBA  plus  Boric  Acid** 

10.40  ab 

TIBA 

Boric  Acid 

1,76  c 

TIBA 

Ethrel*** 

6.33  be 

Control 

13.160 

*        15  ppm 

**        10  ppm 

•k'kii 


1,000  ppm 


4- Numbers  followed  by  the  same  letter(s)  are  not  significantly  different  at  the  5 
percent  level. 
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Table  31 

EFFECT  OF  CHEMICAL,  CONCENTRATION  AND  TIME  OF  APPLICATION  0^^  THE 
AVERAGE  TOTAL  WEIGHT  OF  FRUIT  PER  PLOT--FALL  1969 


Time  of  ApplicoHon  and  Chemical  Average  Yield 


Firs?  Bloom  Second  Bloom  Third  Bloom (pounds)  4- 

TIBA*  23.17ab 

TIBA  plus  Boric  Acid**  26.53  ab 

TIBA  Boric  Acid  3.63  c 

TIBA  Ethel***  14.96  b 

Control 41.83  a 

*        15  ppm 

**        10  ppm 

*** 1,000  ppm 

4  Numbers  follov/ed  by  the  same  letier(s)  are  not  significantly  different  at  the  5 
percent  level. 
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Table  22 


LENGTH  OF  AVENA  COLEOPTiLE  SECTIONS  AFTER  TWENTY-FOUR  HOURS  IN 
MEDIA  CONTAINING  INDOLE  EXTRACTS  OBTAINED  FROM  ETHREL  TREATED 
AND  UNTREATED  FRUIT  DURING  CHAMBER  RIPENING 


T 

ime 

of  Extract 

Ion  / 

.fier  Ixfi 

atrr 

■kT 

lePi 
Fc 

t 

One  V^e 

ek 

Tv/o  V/ee!^ 

:s     Ih 

ree  Wee 

>ur  Weeks 

Treahrent 

Inifial 

Len 

igth  of  Sec 

tions 

(millin-ietet 

■3) 

Ethrel  Dip 



1.1 

1,1 

1.1 

.. — 

(400  ppin) 



1.2 
1.0 
1.0 
1.1 

1.0 

1.0 
1.1 
1.2 
1.1 
1.0 

1.4 
1.2 
1.2 



Average 



1.06 

1.08* 

1.22-- 



Water  Dip 

1.0 
1.0 
1.0 

1.1 

1.0 
LO 

1.4 
1.2 
1.3 
1.2 
1.1 
1.1 

1.1 
1.1 
1.1 
1.1 
1.0 
1.0 

1.1 
1.0 
1.2 
1.0 
1.1 
1.0 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 

Average 

1.02 

1.21* 

1.06 

1.06 

LOO 

lAA  Standard 

.1 

(10-3M) 

.2 
.2 
.2 
.1 
.1 

Average 

.15 

;* 

Differs  significantly  at  the  5  percent   level  from  the  initial  length  of  I  millimeter. 
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the  400  ppm  Efhrel  dip  results  in  fruit  extracts  when  taken  at  two  end  three  weeks 
after  treatment  v/hich  significantly  increase  the  length  of  Avena  coleoptile  sections, 
indicating  an  increase  in  indole-auxin  activih/.    Two  replicates  were  lost  in  the 
three  week  extraction  due  to  inadequate  coverage  of  the  sections  by  the  buffer 
solution.    An  initial  extraction  was  not  made  and  a  four  week  extraction  could  t'.ot 
be  made  due  to  the  overripe  and  diseased  condition  of  the  fruit. 

The  water  dip  produced  an  Increased  IndoIe-auxIn  octivity  at  one  v/eek,  and  an 
lAA  standard  buffer  solution  produced  the  expected  increose  in  coleoptile  length. 

Spring  1970 
Harvest  Method  Comparison 
Initial  solution  of  model 

Usirig  the  results  of  the  spring  1969  experiment,  yield  values  for  machine 
harvest  (Y2)  cind  mochlne  harvest  of  chemically  treated  fruir  (Yo)  were  estimated  as 
a  sum  of  the  percent  of  total  for  the  categories  breaker  through  pink  from  the  first 
harvest;  light  red  through  ripe,  breaker  through  pink  and  malure  green  from  the 
second  harvest.    Therefore,  it  was  assumed  that  84.30  percent  of  the  total  yield 
could  be  recovered  from  an  untreated  rriechanical  harvest  and  86.55  percent  of  the 
total  yield  cojld  be  recovered  from  the  boric  acId-Ethiel  treated  fruit.    These  figures 
were  actuolly  derived  by  adding  the  significant  differences  belv/een  the  treatment 
and  contiol  in  the  breaker  through  pink  category  for  the  first  harvest,  light  red  through 
ripe  and  mature  green  categories  for  the  second  harvest,    Tliis  sum  (2.25)  was  then 
added  to  the  control  percentage.    There  may  be  some  question  cs  to  the  significance 
of  this  figure,  although  it  v:c.s  sufficient  for  the  purpose  of  the  model.     It  v/as  felt  that 
these  categories  would  represent  the  fruit  recovered  from  a  once-over  harvest.    However, 
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with  the  expected  greater  loss  frorr;  mechanical  handling,  the  row  yield  percentages 
were  reduced  to  70  percent  for  mechonlcal  harvest  and  72.25  percent  for  mechanical 
harvest  of  chemically  treoted  fruit.     Converting  rhis  to  the  lmmoka!ee-Lee  area  base 
(28),  the  yields  Y^  and  Y3  were  set  at  185.0  crates  (40  pounds)  per  acre  and  191 .0 
crates  (40  pounds)  per  acre,  respectively. 

The  mixed  integer  method  of  solution  v/as  not  possible  with  the  KAP5  360  program. 
In  order  to  solve  the  model  using  the  simplex  algorithm  allowed  for  in  the  MPS  360 
program  (115),   it  wos  assumed  that  the  cost  of  the  mechanical  harvester  and  support 
equipment  had  been  Incurred  so  that  the  fixed  cost  of  the  equipment  was  a  permanent 
part  of  the  objective  funciion.     The  resulting  solution  would  ihen  agree  with  a  Q 
equal  to  one.     For  Q  equal  to  zero  the  only  option  was  hand  harvest,  and  this  solution 
was  derived  fnanuolly. 

The  initial  tableau  und  the  optimal  solution  appeor  in  Table  33.     Here  it  Is  seen 
that, for  the  conditions  set  in  the  tableau,  the  optima!  solution^  or  maximum  revenue 
for  this  function,  was  at  29.67  acres  of  tomatoes  for  hand  harvest,  no  acres  of 
tomatoes  for  machine  harvest  and  no  acres  for  machine  hoivest  of  chemicoliy  treated 
fruit.    Thus  it  is  not  feasible  for  the  grov/er  to  use  any  of  ihe  mechanical  harvest 
techniques  studied  under  the  Initial  conditions.     It  can  also  be  seen  from  the  solution 
that  all  of  the  labor  v/as  used,  29.67  acres  v/ere  used  and  the  tofal  yield  v/as  7,837. 15 
crates  (40  pounds)  which  produced  a  "net  revenue"  of  $13, 1 17.43. 

Parametric  programming 

The  changes  that  occurred  in  the  solution  when  certain  of  the  parameters  were 
changed  are  presented  in  Table  34.    Comparisons  between  X2  and  X3  were  rr,ade  with 
the  MPS  360  prograrr;   hov/ever,  due  to  the  inability  of  the  program  to  accept  a 
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Table  34 

CHANGES  IN  OPTIMAL  SOLUTION  DUE  TO  PARAMETRIC  PROGRAMMING  OF 
CERTAIN  PARAMETERS  PRESENTED  IN  TABLE  32* 


Parameter 
Varied 


Range 


Valus 


Act; 


vity 


Amount 


25-275         25.00 


X]  25.00 

X2  0 

X3  0 

X4  6600.00 

Z  $11046.75 

50.00             X]  50.00 

X2  0 

X3  0 

X4  13200.00 

Z  $22093,50 
Xi  increases  to  maximum 


SL 


300.0-9600     3000.00 


3300.00 


X2 
X3 

Z 

Xl 
X2 

X3 

X4 

z 


0 

51.79 
0 
9580.53 

$11440.50 
0 
56.97 
0 

10538.58 
$13241.95 


X2  increoses  to  maximum 


185-26^  193.54 


185--264         222.62 


Xl 
X2 

X3 
X4 

z 

Xl 

X2 
X3 


10.06 
39.94 

0 
10586.33 
$13113.67 

0 
50.00 
0 


Restraint 
Labor 


Lobe 


Acreage 


Acreage 


Acreage 
Labor 


A,creage 
Labor 


Amount 
LIm.it        Used 

50000    2947.00 


50000    5895.00 


100 


100 


50 
3500 


50 

3500 


51.79 


56.97 


50.00 
3500.00 


50.00 
2396.50 


Toble  34  continued 
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Parameter 

"  * — ■    '                ■  """■ 

Amount 

Varied 

Range 

Value 

Activity 

Amount 

Restraint 

Limit 

Used 

X4 

11130.20 

Z 

$15519.50 

^3 

191-264 

206.06 

Xl 

9.56 

Acreage 

50 

50.00 

sj 

X2 

0 

Labor 

3500 

3500.00 

X3 

40.44 

X4 

10857.31 

Z 

$13118.78 

^3 

191-264 

229.81 

Xl 

0 

Acreage 

50 

50.00 

w 

X2 

0 

Labor 

3500 

2934.00 

X3 

50.00 

X4 

11490.50 

Z 

$15518.75 

°3 

115-185 

115.00 

Xl 

9.56 

Acreage 

50 

50.00 

X2 

0 

Labor 

3500 

3500.00 

X3 

40.44 

X4 

10247.70 

z 

$12309.59 

128.45 

Xl 

10.06 

Acreage 

50 

50.00 

X2 

39.94 

Labor 

3500 

3500.00 

X3 

0 

X4 

10045.00 

z 

$11765.06 

P 

2,50-5.00 

3.34 

Xl 

9.56 

Acreage 

50 

50.00 

X2 

0 

Labor 

3500 

3500.00 

X3 

40.44 

X4 

10247.70 

z 

$20194.10 

94 

mixed  integer  problem,  comparisons  including  X^,  under  restrained  conditions  v/ere 
made  by  hand.     Used  In  t'la  manual  solutions  were  t'ne  objective  function  end  the 
marginal  rate  of  substitution  —  Inverse  price  ratio  expression. 

Restraint  changes 

When  the  acreage  value  was  increased  at  25  acre  Intervals  from  25  to  275  acres 
with  labor  essentially  unlimited,  it  is  seen  that  the  model  added  more  X^  and  used  no 
other  harvest  methods.    When  acreage  v/as  unlimited  and  labor  varied  from  3,000  to 
9,600  man-hours  in  300  man-hour  steps,  machine  harvest  was  the  only  method  used 
and  X2  was  Increased  to  the  maximum  possible.     Only  v/heti  both  acreoge  and  labor 
were  limiting,  v/os  a  mixture  of  hand  and  machine  harvest  found. 

Yield  changes 

As  all  other  factors  were  held  constant  and  the  yield  from  the  machine  harvest 
meihod  (Y2)  was  increased.  It  Is  seen  that  when  the  yield  of  the  machine  harvest 
reached  198.54  crates  per  acre,  a  hand  harvest,  machine  harvest  (X-j,  X2)  mixture 
became  more  profitable  than  all  hand  harvest.    With  a  continued  increase  of  Y^  to 
222.62  crates  per  acre,  machine  harvest  (X2)  became  the  only  method  employed. 
When  Y3  was  varied  from  191.00  crates  per  acre  to  264.00  crates  per  acre,  it  is  shown 
that  a  yield  of  206.06  crates  per  acre  was  required  for  the  chemical  treatment  method 
(X3)  to  replace  X2  and  maintain  a  more  profitable  mix  than  all  X].     Not  until  Y3 
reached  229.81  crates  per  cere  did  X^  become  the  single  most  profitable  activity. 

Cost  changes 

The  threshold  cost,  or  the  cost  that  results  In  a  change  from  one  method  to  the 
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of'ier,  v/as  found  fo  be  $128.45  for  oo.    That  is,  as  the  C03t  of  the  chemical  treatment 
and  mechunicol  harvest  was  Increased  from  SI  15.00  to  S185.00,  when  it  reached 
$128.45,  X3  was  replaced  by  X2  in  the  solution.     Or,  conversely,  if  the  cost  of  the 
chcmica!  treatment  and  mechanical  harvest  could  ba  reduced  to  less  than  $128.45, 
it  would  replace  X«.    However,  it  is  seen  that,  at  both  of  these  costs,  the  profits 
are  less  than  the  Initial  solution;  in  fact,  o^  m'jst  be  reduced  to  less  than  o^  (on 
Infeoiible  proposition)  before  an  X],  X3  mix  is  more  profitable  than  all  X], 

Price  changes 

Here  it  is  evident  that,  under  the  restraints  of  the  initial  tableau,  when  the  price 
per  crate  (P)  reaches  $3.34,  X3  replaced  X2.    The  new  mix  is  also  more  profitable 
than  all  X^  with  the  nevy  price. 


DISCUSSION 

Effects  of  Field  Treatments 
Single  Applications 
Ascoibic  acid 

LitJ'le  can  be  said  as  to  the  effect  of  ascorbic  acid  treatments  on  the  yield  of 
tomato  from  the  results  of  this  observational  trial.    However,,  thie  indicated  lower 
yields  and  inconsistent  effecis  on  fruit  quality  parameters  did  not  demonstrate  a 
similar  activity  to  EthreL    Thus  the  concept  of  ascorbic  acid  working  through  an 
increased  output  of  ethylene  (45)  did  nol'  seam  to  hold  in  this  applicalion.     inuGedj 
it  is  quite  likely  thot  the  wide  difference  in  concentrations  used  appears  to  b&  too 
great.    Much  more  investigation  is  required  to  evaluate  the  effects  of  ascorbic  odd- 


Boric  acid 


Yield  effects 

Although  there  v/ere  no  significant  differences  in  the  total  yields  of  the  spring 

1969  experiment,  the  suspiciously  higher  yield  of  the  boric  acid  treatment  indicated 

oi^  incipient  bcron  deficiency,  yet  the  lock  of  response  in  the  treatments  v/ith  boron 

in  combination  indicotod  boric  acid  had  an  effect  besides  fertilization  v/hich  was 

masked  b/  the  co.-,ibineH  Ireatmentj. 

In  order  to  better  approach  this  problem,  the  data  were  converted  to  percent 
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of  the  total  and, at  that,  all  significant  increases  among  the  various  maturity  classi- 
fications from  the  boric  acid  treatment  disappeared.     It  then  appears  that,  in  this  case, 
the  response  to  boric  acid  was  one  of  a  general  fertilizer  response  or  perhaps  more 
directly  through  on  Increase  in  sugar  translocolicn.    V/ent  (175)  and  others  ^9,   14) 
have  demonstrated  an  increase  in  tomato  flower  production  as  a  result  of  an  increase 
in  sugar  translocation  to  the  developing  inflorescences.    Gauch  and  Dugger  hove 
postulated  (60)  that  a  major  role  of  boron  in  plant  metabolism  is  an  enhancement  of 
sugar  translocation  through  the  formation  of  a  sugar-borote  complex  or  as  a  con- 
stituent of  the  membrane.    Therefore,  with  boron  fertilization,  there  rnay  be  en 
increase  in  flower  production  in  boron-deficient  plants.    Although  none  of  the  symptorr.: 
associated  with  boron  deficiency  (1  16)  were  noted,  the  effect  of  rhe  treatment  was 
similar  to  that  observed  in  psars  (17)  where  an  increase  in  fruit  set  due  to  boron  treat- 
ments could  not  be  attributed  to  a  stirnulotion  of  pollen  germination  end  tube  growth 
alone. 

The  increase  in  yield  was  not  uniform  throughout  every  category,    the  light  red 
to  ripe  and  breaker  to  pink  categories  of  the  second  horvest  showing  the  greatest 
increases  in  absolute  yield.    These  categories  represent  the  flowers  that  were  being 
formed  at  about  the  time  the  treatment  was  made,  and  since  boron  is  generally  con- 
sidered immobile  (133),  the  plants  received  the  greatest  benefit  from  a  single  foliar 
application  at  this  time. 

Quality  effects 

Although  boron  has  been  reported  (61)  to  have  some  relationship  with  carotene, 
it  v/as  not  evident  in  ^h'-^  a/b  color  rotios. 

An  increase  in  soluble  solids  content  of  the  fruit  from  plants  treoted  v/ith  boric 
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add  is  expected  in  the  light  of  the  theory  of  Guach  and  Dugger.    Since  the  growing 
tomaS-o  fruit  is  on  active  "sink,"  one  would  expect  that  boron  treatments  would  in- 
crease the  sugar  content  or  ihe  fruit  by  increasing  the  translocation  to  that  organ. 
Some  researchers  (173)  believe  that  the  boron  effect  is  not  an  enhancement  of  trans- 
location but  o  focilitotior-:  of  sucrose  uptake.    However,  since/in  the  experiments 
performed  by  this  author,  no  sucrose  was  applied/  the  increase  in  soluble  solids  can 
be  interpreted  solely  as  one  of  Increased  sugar  translocation.    The  Increase  In  soluble 
solld-i.  was  evident  only  in  the  locule  of  the  fruit  in  the  first  harvest.    As  v/as  men- 
tioned previously,  boron  is  considered  relatively  Immobile  and,ogiun,  the  fruit 
already  formed  at  the  time  of  treatment  received  the  benefit  of  increased  sugar 
translocation  and  the  boron  v/as  no  longer  available  for  large  scale  reuse.    The 
locu5ar  portion  of  developing  tomato  fruit  is  considered  ('9,  63,  67)  as  the  more 
physiologically  active  area  and  thus  would  be  more  likely  to  demonstrate  the  result 
of  an  Increase  In  sugar  translocation.    The  general  differences  between  the  locular 
and  pericarp  portions  as  found  In  this  experiment  were  similar  to  those  found  by  other 
workers  (67,  71,  95). 

Although  the  effects  of  boron  are  well  defined  in  relation  to  sugar  translocation 
and  carbohydrate  metabolism,  particularly  in  merlstematic  areas  (61),  the  relation- 
ship to  other  physiological  processes  Is  not.    This  makes  the  explanation  of  the  differ- 
ences in  pH  and  titratable  acids  more  difficult.    However,  at  least  In  the  first  harvest, 
the  lov/er  pH  of  the  locular  area  may  reflect  an  increase  In  organic  acids.    Since  the 
major  acid  components  of  the  tomato  fruit  are  olso  the  major  components  of  the  Krebs 
cycle  (95),  the  Increase  in  acidity  due  to  boric  acid  treatments  could  be  a  result  of 
the  higher  su^ar  content  providing  on  Increase  in  substrate.    This  should  also  be 
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borne  ouf  by  a  higher  titrctable  acidiiy  but  Is  not.     The  general  rule  (95)  of  an  inverse 
ratio  of  pH  to  titratahle  acidity  is  shown  in  the  second  harvest  oithough  the  results 
were  opposite  those  of  the  first  harvest,  i.e.,  a  high  pH  end  low  titratable  acidity. 
This  also  could  be  explained  in  terms  of  the  higher  soluble  solids  of  the  first  harvest. 
If  it  is  assumed  that  the  photosynthetic  ability  wos  lov/er  in  thi  later  stages  of  the 
season,  with  an  increased  fruit  load,  end  the  ability  to  produce  and  transport  carbo- 
hydrales  further  reduced  by  the  disruptive  harvest  procedure;  and  If  a  greater  than 
norrrio!  amount  of  substrate  were  removed  In  the  first  horvest  due  to  an  increcse  in 
sugar  translocation,  then  it  follows  that  there  was  less  substrate  to  enter  into  the  Krebs 
cycle.    This,  however,  was  not  supported  by  a  significantly  lov/er  soluble  solids  con- 
tent of  the  fruit  of  the  second  harvest. 

Calcium  chloride 
Yield  effects 

Since  there  was  no  significant  difference  in  any  of  the  categories  as  a  result  of 
the  calcium  treatment  either  in  absolute  or  relative  yields,  there  was  obviously  no 
fertilizer  or  pollen  germination  effect. 

Quality  effects 

The  lov/ering  of  the  titratable  acidity  of  the  pericarp  of  the  fruit  of  the  first 
harvest  and  locule  and  pericarp  of  the  second  harvest  fruit  can  perhaps  best  be 
explained  in  terms  of  on  inactivatlon  of  the  organic  acids.    The  precipitotlon  of 
oxollc  odd  by  calcium  is  v/ell  known  (51)  and  it  appears  that  this  occurred  in  these 
fruit,  resulting  in  o  decrease  of  free  organic  acids. 

This  removal  of  organic  acids  from  metabolism  could  be  the  cause  of  the  lower 
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soluble  solids.    As  ihe  fruit  ripened  in  storage.,  there  v/as  no  translocation  to  replace 
tha  carbohydrates  used  in  respiration  and  maturation  and  v/Ith  some  of  the  organic 
acids  being  permoiiently  lost    more  than  the  normal  amount  oF  carbohydrates  (mea- 
sured as  soluble  solids)   was    required  as  substrate  to  replace  them. 

Duruset 
Yield  effects 

Duraset  has  been  suggested  (157)  to  have  an  auxin-like  activity.     The  results 
of  the   foil  1968  experiment  seem  to  bear  this  out,  at  least  with  the  later  application, 
for  the  results  from  the  lAA  application  (10  ppm)  and  the  Duraset  application  (100 
ppm)  were  the  same — an  increase  in  the  number  of  ripe  fruit.    Since  no  significant 
effect  was  found  In  any  of  the  other  categories  or  in  the  total  it  is  difficult  to  say  v/ith 
certoint)'  whether  Duraset  acted  by  preventing  abscission  of  the  flowers  and  newly    . 
formed  fruit  as  wojid  befit  an  auxin-like  activity  (2,  9,   11)     or  by  increasing  the 
number  of  flowers  in  the  inflorescences  developing  after  the  application  (157).    A 
third  and  more  substantial  possibility  exists.    Abeles  and  Rubenstein  (5)  have  shown 
that  an  auxin  (napthaleneacetic  acid)  will  stimulate  ethylene  production  in  young 
tomato  fruit.    Therefore,  Duraset,  if  acting  as  an  auxin,  may  have  caused  an  increase 
in  ethylene  evolution  and  a  concomitant  increase  in  the  rate  of  ripening,  a  well 
known  resL'lt  of  ethylene  applications  (20).    This  would  account  for  the  lack  of 
differences  in  the  total  yield;  however, the  expected  decrease  in  yield  of  the  mature 
green  category  resulting  from  a  shift  to  the  light  red  o-od  ripe  category  was  not  found. 

It  is  curious  that  ihe  lower  concentrations  produced  a  response  v/hlle  the  higher 
concentrations  show  no  effect — either  a  greaier  response  or  a  toxicity  effect.    Tomato 
plant  growth  Is  slow  during  the  fall  season  as  a  result  of  more  severe  weather  conditions 
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and  ihe  plants  rr.oy  be  mor-d  sensiUve  to  hormonal  applications  and  yet  shov/  no  sub- 
lethal foliar  symptoms. 

The  adverse  weather  condition;  of  the  fall  season,  particularly  cold,  may  account 
for  the  respoiise  to  Duro^et  In  the  fall  but  net  in  the  sprinci.     The  greatest  success  with 
Duraset  and  other  floral  hormones  has  been  in  northern  or  lypicolly  cool  areos  (120, 
121,   126,   156,   168,  172)  while  less  success  has  been  obtained  in  v/armer  climates 
(54)  where  flov/er  production  and  fruit  set  are  not  curtoiled  by  suboptimol  temperatures 
(174).    Of  course,  the  spring  application  was  m.ode  at  a  different  time  (more  in  accord- 
ance v/ith  the  northern  recommendations  (157))  than  the  successful  fall  applicntion. 

Quality  effects 

The  firmer  fruit  produced  by  the  Duraset  treatment,as  evidenced  by  the  increased 
force  required  to  shear  a  sample,  did  not  follow  either  the  effects  expected  from  an 
auxin  treatment  (5,  80,  87)  or  the  results  found  with  Duraset-like  rnc'erials  (54). 
In  all  of  these  cases,  softer  fruit  are  expected  due  to  the  acceleration  of  ethylene 
as  noted  by  Abeles  end  Ruhenstein  (5)  and  the  resultant  more  mature  (softer)  fruit. 
In  foct,  Abeles  (4)  has  concluded  that  a  major  role  of  ethylene  is  to  regulate  the 
production  of  cellulose,  and, by  increasing  ethylene,  cellulose  (a  cell  v/oll  degrading 
enzyme  (19))  clso  increases.    Auxins  (lAA)  hove  also  been  found  to  stimulate  cellu- 
lose pioduction  [55).     In  tho  face  of  this  evidence,  it  is  difficult  to  explain  the 
results  oblained  here.     One  possible  explanation  is  that  the  early  application  of 
Duraset  may  have  produced  some  retardant  effect  on  the  genetic  control  mechanism 
that  governs  the  enzyme  complex  responsible  for  fruit  soflening.    T!<i5  is  feosibic  in 
that  the  applications  v/ere  mod<=  ai  or  prior  to  the  gametic  and  embryonic  stages  of 
the  fruit  tested.    The  only  recognizable  pattern  that  was  found  in  the  soluble  solids. 
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pH  CT.-id  tifrotuble  acidity  oF  i'he  Durasei"  treated  fruit,  is  tlxit  In  the  First  harvest  they 
were  generally  higher  a.id  in  the  second  harvest  they  were  generally  lower.    This 
was  also  somewhot  the  partem  found  in  the  later  Ethrel  treoted  fruit  and  points  to  a 
similcrity  and  possibly  some  small  ethylene  stimulation  by  the  Doraset  treatments. 
It  Is  a  tenuous  comparison, however,  in  the  face  of  the  effects  on  the  firmness  of  the 
fruit  and  the  early  application  lime  of  the  Duraset  treatments,  yet  there  is  not 
necessarily  a  correlation  between  fruit  softening  and  the  ether  parameters;   they  may 
be  governed  by  seporate  mechanisms^ 

Emery  C-9 

The  higher  concenhaticn  of  this  materiel  reacted  In  a  manner  very  slmiiar  to 
the  TO  ppm  \AAk  treatment,  and  suggests  a  similar  activity,  although  no  change  In 
fruit  quality  was  observed.     Little  else  is  known  about  this  material. 

Ejiird 
Yield  effects 

In  the  fall  1968  trials,  it  was  found  that  an  increased  number  of  light  red  and 
ripe  fruit  were  produced  by  the  second  bloom  application  of  600  ppm  Ethrel,    This 
is  probably  due  to  an  increase  In  the  ripening  rate  of  the  treated  fruit  as  has  been 
found  characteristic  of  this  material  (83,  84,   136,   146). 

The  rates  v/ere  Increosed  in  the  spring  1969  experiment  and  the  time  of  appli- 
cation was  delayed.    These  actions  were  designed  to  create  a  definite  separation 
between  tlie  early  and  late  fruit  and  to  cause  the  abscission  of  the  late  developing 
flowe.-s  (84,  102). 

In  examining  the  results,  the  expected  increase  in  early  ripe  fruit  was  found. 
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although  it  is  also  seen  that  the  loter  application  of  tthrel  had  the  greater  effect  on 
the  early  yield  (highest  per  cent  of  light  red  and  ripe  in  tlie  first  harvest  and  highest 
first  harvest  yield).     It  i?  known  that  the  sensitivity  of  tomato  tissue  to  ethylene 
varies  v/ith  age  (5,106)  and  that  a  certain  physiological  siage  is  necessary  before 
all  ripening  processes  v/ill  take  place  (106)  v^'hen  stimulated  by  ethylene.    Thus  the 
later  application  of  Ethiel  was  made  at  a  time  v/hen  the  fruit  were  more  mature  and 
demonstrated  a  direct,  more  natural,  ripenir.g  response — the  fruit  were  beyond  the 
required  stage.    The  subsequent  yields  In  the  mature  green  category  that  were  lower 
than  the  early  Ethrel  and  control  yields,  further  Indicated  the  advancement  of 
ripening  and  shift  of  fruit  from  later  stages.    The  non-significant  differences  in  the 
breaker  through  pink  category  may  have  reflected  the  lack  of  a  consistent  discrim'- 
natlon  in  softlng. 

The  earlier  application  of  Ethrel  produced  much  the  same  pattern  as  the  later 
application;  however,  its  effect  is  seen  primarily  o,i  the  fruit  cf  the  second  harvest 
and,in  light  of  the  tninimum  maturity  requirement  already  discussed,  it  is  difficult 
to  reconcile  the  effects  as  directly  on  the  ripening  of  the  fruit.  Perhaps  in  whole 
plant  applIcatIons,prIor  to  the  "critical  maturity"  stage,  a  disposition  to  early 
ripening  was  created  by  ethylene  applications. 

The  abscission  inducing  effects  of  Ethrel  were  not  demonstrated  in  a  reduced 
yield  of  Immature  fruit.     It  is  evident,  as  pointed  out  by  Iwahorl  and  his  co-workers 
(84),  that  only  th?  unfertilized  flower  Is  sensitive  to  ethylene  and  apparently  so  few 
of  the  flowers  were  at  a  vulnerable  stage  during  the  precise  time  of  a  single  Ethrel 
application  that  the  effects  on  the  yield  were  negligible. 
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Quality  effects 

The  effects  on  qualit/  by  the  two  Ethre!  applications  were  very  similar  except 
that  the  later  application  affecfed  the  eorlier  fruit  and  the  earlier  application  affected 
the  later  fruit — a  pottern  identical  to  that  noted  in  the  yield  effects.     In  general, 
the  later  appllcotion  of  Ethre!  increased  soluble  solids  end  pH  and  decreased  titrat- 
able  acidity  of  the  first  harvest  (the  exceptions  are  pericarp  pH  and  locule  titratable 
acidity).    The  early  application  produced  much  ihe  same  results  v/ith  the  second  harvest 
fruit.     Some  of  the  effects  of  the  later  application  of  Eihrel  also  extended  into  the 
second  harvest.    Crane  (47),  in  demonstrating  that  ethylene  has  a  mobilization  effect 
on  nutrient  en'ry  in  the  fruit,offers  an  explanation  for  the  pattern  of  results  obtained 
with  Ethrel  treatments.    By  increasing  the  movement  of  substrate  into  the  fruit  from 
the  plant  a  higher  soluble  solids  content,as  found  here,  would  result.     However,  one 
would  also  expect  a  higher  organic  odd  content,as  discussed  in  reference  to  boron, 
which  was  not  found. 

Fatty  acid  ester 

The  high  concentration  of  the  fatty  acid  ester,  later  application,  produced  an 
effect  similar  to  Duraset,  Emery  C-9  and  lAA;  no  other  observations  were  made  on 
this  material  so  few  conclusions  can  be  drawn  as  to  its  activity. 


Gibb 


ereilic  acid 


Yield  effects 

The  gibberellic  acid  treatment  appears  to  have  had  no  effect  on  the  yield,  contrary 
to  other  research  (131);  however,  this  v/as  a  non  replicated  trial  and  results  are  not 
conclusive. 
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Quality  effects 

The  gibbarellic  acid  treatment  appears  to  be  the  only  one  that  produced  a  majof 
ffect  on  the  bio-yield  point.     However,  it  is  highly  probable  that  the  fruit  from  this 
treatment  were  not  of  the  same  maturity  as  ihe  others.    As  has  been  demonstrated  (52), 
gibbereilin  deloys  the  ripening  of  tomatoes,  and  on  antagonism  between  gibberellin 
and  ethylene  (initiator  of  ripening  (20))  has  been  suggested  (144).    Thus  it  is  likely 
that  the  fruits  tested  in  the  bio-yield  determination  were  not  at  the  breaker  stage, 
although  they  appeared  of  the  same  maturity  as  the  others  tested.    The  higher  force 
required  to  puncture  the  gibberellic  acid  treated  fruit  then  reflected  the  higher  force 
required  to  puncture  a  mature  green  fruit.    The  delay  in  mai•uii^/  {c  firmer  flesh)  v/os 
Indicated  in  the  shear  force  measurements  although  the  measurements  v/ere  not  made 
under  sufficient  replicotion. 

The  gibberellin-ethylene  antagonism  was  not  evidenced  in  the  effects  of  these 
two  treatments  on  soluble  solids,  pH  and  titratable  acids.    The  gibberellic  acid  and 
comparable  later  Ethrel  treatments  produced  very  similar  results  on  the  fruit  quality 
parameters. 

lAA 

The  lower  concentration  of  l^vA  produced  the  expected  increase  in  early  yield 
(120,   126,   130,   148)  and  even  though  the  activity  of  this  material  is  well  documented, 
it  was  included  in  the  preliminary  trials  as  a  comparative  treatment.    The  use  of  this 
material  in  commercial  application  for  fresh  market  mechanically  harvested  fruit  was 
not  considered  because  the  danger  of  porthenocarpic  and  thus  poorer  quality  fruit 
(80,  87,  88)  v/as  too  great. 
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TIIBA 

The  TIBA  treatmeni-  reduced  ihs  yield  in  every  category  and  did  not  appreciably 
concentrate  the  yield  into  any  one  categcy.    This  yield  reduction  appears  to  be  due 
to  the  initio!  stunting  oF  the  plants.    TIBA  has  been  found  (69,  124,  125)  to  inhibit 
the  polar  transport  of  auxin;  thus  producing  an  auxin  toxicity  in  the  areas  of  synthesis 
(150,  159)  and  a  deficiency  in  the  oreas  of  utilization  and  result  in  the  loss  of  apicoi 
dominance.    This  accounts  for  the  aberrantgrowih  (58,  94)  roved  in  foliar  areas  and 
the  conversion  of  vegetative  to  floral  buds  in  nondeterminant  plants  (184).    The 
prevention  of  auxin  translocation  to  the  abscission  zone  would  also  account  for  the 
abscission-inducing  activity  (176)  of  TIBA.    The  shunting  of  the  tomato  plants  noted 
in  this  experiment  would  undoubtedly  have  been  due  to  the  lack  of  auxin  translocated 
to  the  growing  point  and  the  floral  buds.    The  slower  growth  of  tomatoes  in  the  fall 
season  would  account  for  the  increased  sensitivity  and  slower  recovery  from  the  TIBA 
treatment. 

The  fasciotlon  effect  is  not  well  researched;  however,  it  is  possible  that  the 
cause  of  the  fasciation  is  a  lack  of  the  auxin  concentration  required  for  adequate 
differentiotion. 

Little  abscission  v/as  noted  in  this  or  other  treatments;   it  appeors  that  the  tomato 
flower,  once  fertilized,  is  relatively  insensitive  to  hormonal  applications,  pointing  to 
the  importance  of  the  endogenous  hormones  synthesized  by  the  developing  embryo  (47). 

Combined  Applications 
Duroset-Ethrel 
Yield  effects 

There  appears  to  be  on  antagonism  betv/een  these  two  materials.    The  Ethrel 
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effect  was  compleiely  negated  by  Djrascr,  producing  a  yield  pattern  no  different  than 
the  control.    An  ouxin-etliylene  antagonism  has  been  alluded  to  by  many  authors 
(1,  5,  32,  36,  68)  a^d  \^  appears  thai  Durciset  has  acted  as  an  auxin  in  these  experi- 
ments and  blocked  the  activity  of  Ethrel  (ethylene).     It  is  hard  to  reconcile  the  time 
differences  encountered  in  these  experiments,  for  it  seems  inconcelvobiG  that  the 
Duraset  (auxin)  level  could  remain  artificially  high  throughout  the  season.     Perhaps, 
as  suggested  in  reference  to  the  Duraset  effect  on  the  firmness  of  the  fruit,  the 
early  treatments  hod  a  repressive  effect  on  one  or  many  of  the  genetic  mechanisms 
governing  ripening  that  exogenous  applications  of  ethylene  (Ethrel)  were  not  able  to 
overcome. 

Quality  effects 

The  antagonism  beKveen  these  two  materials  still  exists  In  some  of  their  effects 
on  fruit  quality  parameters.    However,  here,  Ethrel  has  the  dominant  influence — 
producing  less  firm  fruit.     In  lov/ering  the  soluble  solids  and  acidity  measures  of  the 
first  harvest  and  raising  the  soluble  solids  and  acidity  measures  of  the  second  harvest, 
Ethrel  In  this  treatment  produced  effects  similor  to  the  early  Ethrel  treatment  and 
countered  the  Duraset  effects  which  v/ere  more  like  the  later  Ethrel  treatment. 

Duraset-borlc  acid 
Yield  effects 

No  significant  yield  effects  were  noted  with  this  treatment,  although  the  pattern 
was  similar  to  the  earlv  Ethrel  Ireatment. 

Quality  effects 

The  boric  acid  addition  had  effects  slightly  similar  to  the  Ethrel  addition — 
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lowering  the  soluble  solids  and  acidlh/  values  produced  in  the  first  harvest  by  the 
Duroset  treatment  alone,  and  increasing  the  parameter  values  in  the  second  harvest. 
If  the  interpretation  of  the  function  of  Ethrel  and  boron  as  mobilizers  of  substrate 
is  follov/ed,  than  it  is  not  surprising  that  the  results  appear  this  vjoy.     in  the  case 
of  the  soluble  solids  of  the  first  harvest  fruit,  the  mobilization  may  even  have  been 
to  tlie  second  harvest  fruit  at  the  expanse  of  the  earlier  fruit. 

Duraset-boric  acid--Fthrel 
Yield  effech 

Since  Duraset  alone  failed  to  show  any  effect  on  yield,  the  major  effects  in  this 
treatment  should  be  attributed  to  the  boric  acid-Ethrel  addition.    The  increase  in 
yield  for  the  first  harvest  and  early  stage  of  the  second  harvest  was  identical  to  that 
of  the  boric  acid-Ethrel  combination  and  is  discussed  in  more  detail  in  reference  to 
that  treatment. 

Quality  effects 

Boric  acid  and  Ethrel  would  be  expected  to  work  in  concert  in  modifying  the 
quality  parameters  and  this  is  what  was  found.    The  results  from  the  Duraset-boric 
acid-Ethrel  combination  v/ere  very  similar  to  those  seen  in  the  boric  acid-Ethrel 
combinations.    Thus  it  is  evident  that  these  two  materials  overrode  the  influence 
of  Duraset. 

Boric  acid-EtJ-^rel 
Yield  effects 

This  treatment  produced  results  that  look,  in  effect,  as  if  the  early  and  late 
Ethrel  treatments  were  combined,  for  both  the  first  and  early  secoiid  harvest  relaiive 
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yields  v/ere  increaseri.     It"  is  evident  Htq)  tliis  v/as  a  synerglslic  effftcl'  in  that  the  re- 
sults of  the  two  chemicals  applied  alone  could  not  be  superimposed  to  give  the  same 
results  as  the  combined  treatment.    Since  there  v/as  no  evidence  of  an  Increased  early 
yield  In  the  boric  add  treatments,  and  since  ethylene  is  considered  the  major  factor 
governing  fruit  ripening  (20,  33,  34),  it  Is  assumed  tlrat  the  boric  odd  altered  the 
fruit  physiology  In  some  way  that  facilitated  the  action  of  Etlire!  on  the  first  harvest 
fruit.    Three  possible  explanations  exist  for  this  boron  effect.     First,  the  boron  could 
have  Increased  the  auxin  activity  (53)  of  the  first  harvest  fruit  (these  were  the  fruit 
beginning  to  develop  at  the  time  of  treatment)  which  in  tern  stimulated  some  en- 
dogenous ethylene  production  (5).    Secondly,  by  an  increased  sugar  and  hormonal 
translocation  (61)  the  boron  could  have  enhanced  the  exogenous  ethylene  (Ethrcl) 
activity.     Finally,  a  more  Involved  explanation,  but  one  that  takes  Into  account  the 
tlmie  differential,  v/ould  extend  from  the  observation  that  boron  applications  to  apple 
trees  delay    the  climacteric  (61).    As  discussed  earlier,  there  Is  a  difference  in  activ- 
ity between  the  early  and  late  applications  of  Ethrel.    The  early  application  affected 
the  second  harvest  fruit,  and  It  is  suggested  that  these  fruit  were  below  the  critical 
maturity  stage  for  ethylene  to  directly  stimulate  ripening  and  were  actually  "pre- 
disposed" to  early  rlpanlng.     The  first  harvest  fruit  v/ere  unaffected  by  the  early 
application  for  they  v/ere  not  yet  past  the  critical  stage,  but  were  beyond  the  "pre- 
disposition stage."     If  boron  treatments  delayed  these  stages  in  the  immature  fruit, 
OS  it  does  the  climacteric  In  ripening  fruit,  it  would  have  postponed  the  predisposition 
stage  and  thus  allowed  the  early  Ethrel  treatments  to  exert  a  predisposing  Influence. 
These  stages  could  correspond  to  the  changes  In  slope  of  the  grov/th  curve  (47). 
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Quo*  ity  effects 

The  "double  Efhre!"  application  effect  of  tne  boric  ocid-Ethrel  ireatmenr  was 
borne  out  by  many  of  the  changes  in  the  Fruit  qualih/  parameters.    The  first  harvest 
fruity  not  affected  strongly  by  the  single  early  Ethrel  application^  showed  a  marked 
simFfarity  to  those  treated  with  the  later  Ethrel  application. 

Boric  acid-calcium  chloride 
Yield  effects 

No  significant  effects  v/ere  found  in  the  relative  yields  of  any  categories  d\.ie  to 
this  ^reatment. 

Quality  effects 

The  only  significant  effect  on  the  quality  parameters  of  this  treatment  was  a 
lowering  of  the  titratoble  acidity  of  the  second  harvest  fruit.  This  may  again  be 
indicative  of  a  calcium  precipitation  of  some  of  the  organic  acids. 

As  has  been  pointed  out  (90,   133)  there  is  an  antagonism  between  boroti  and 
calcium  in  the  plant  and  It  appears  that  these  two  materials  have  mutually  cancelled 
their  effects. 

TlBA-boric  acid  (simultaneous  application) 

Little  difference  exists  between  this  treatment  and  the  TIBA  alone.    As  already 
discussed,  the  slov/er  fall  orowih  mokes  response  to  foliar  applications  less  dramatic 
(albeit  often  more  sensitive)  and  in  this  case  a  possible  fertility  response  to  boric 
acid  is  not  evident. 

TlBA-boric  acid  (split  application) 

The  later  boric  acid  application  v/as  observed  to  .further  slow  the  recovery 
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from  TIBA  symptoms:    preventing  the  plant  from  developing  much  foliage  or  producing 
many  flov/ers.    No  toxicity  symptoms  v/ere  evident,  and  it  is  concluded  as  suggested 
(61)  that  boion  played  a  role  in  enhancing  the  TIBA  effects  on  the  meristematic  areas. 
This  is  further  supported  by  the  lov/er  yield  of  the  irnmalure  fruit, 

TIBA-Ethrel 


The  Ethrel  addition  was  unsuccessful  in  altering  tlie  yield  patterns  of  ihe  various 
maturity  classes,  pointing  again  to  the  particular  unresponsiveness  of  plants  grov/n 
under  adverse  weather  conditions.    The  reduction  in  total  yield  by  this  treatment  may 
have  been  indicative  of  a  signlficont  flower  loss  by  abscission  of  the  later  blossoms  as 
evidenced  by  the  lov/er  immature  yield. 

Bioassay 
The  increase  of  ir.dole-auxins  under  Ethrel  treatment  seems  to  belie  the  concept 
of  auxin-ethyiene  antagonism  discussed  previously.    However,  Burg  and  Burg  (36), in 
exploring  the  long  term  effects  of  ethylene  and  auxin,  concluded  that  ethylene 
inhibited  the  polar  transport  of  ouxin.     In  order  to  explain  this  anomoly  the  classical 
definition  of  o  hormone  (13,   15)     must  be  used.     Here  a  phytohorinone  (auxin)  is  de- 
fined as  a  substance  synthesized  In  one  area  of  the  plant  (in  rrinute  amounts)  and 
translocated  to  another  area  v/here  it  exerh  its  influence.     In  this  case,  the  ethylene 
(Ethrel)  prohibited  the  translocation  of  auxin  from  the  site  of  monufacture  (probably 
the  embryo)  to  the  site  of  utilization  and  presumed  degradation.    Thus  the  auxin  re- 
mained in  the  fruit  in  a  non-utilized  form.    Since  no  quantitative  measures  of  ripe- 
ness v/cre  taken  in  this  experiment,  the  stage  of  ripeness  being  subjectively  deter- 
mined, it  is  difficult  to  soy  what,  if  any,  effect  the  auxin  imbalance  had.     It  is 
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equally  difficuli"  fo  determine  if  t'ne  higher  auxin  concentroi'icn  wos  an  artifact  of 
en  abnorma!!y  hig'n  eth/lene  level. 

The  lack  of  response  at  the  first  week  extraction  of  treated  fruit  is  difficult  to 
explain  in  the  above  terms.    A  possibility  exists  that  the  one  week  delay  in  auxin 
occurrence  may  be  a  result  of  the  one  v/eek  acceleration  of  ripening  by  Ethrel  (129). 
At  least  port  of  the  activity  of  ethylene  could  be  the  repiesslon  of  aux'n  production 
as  well  as  auxin  transport. 

The  auxin  found  in  the  non-treated  fruits  at  one  week  probably  corresponded  to 
the  30  day  peak  found  by  Iwahori  (82). 

Although  this  experiment  did  not  provide  much  information  for  use  in  explain- 
ing the  field  insults,  it  does  point  out  that  ethylene  has  on  effect  on  auxin  levels 
OS  well  C3  auxin  having  c.n  effect  on  ethylene  levels. 

Harvest  Comparison 


Initial  Solution 
Under  the  conditions  set  in  tlie  initio!  solution  it  was  not  economically  feasible 
for  the  individual  grower  to  utilize  any  mechanical  harvest  method.    However,  an 
important  point  to  recognize  in  this  solution  is  that  the  assigned  labor  supply  v/as 
arbitrary  and  under  more  limiting  circumstances,  os  discussed  later,  the  solution 
could  change  to  greater  utilization  of  machine  harvest. 

Parometric  Programming 
The  results  of  programming  the  acreage  and  labor  restraints  illustrate  on  axiom 
of  economics;  that  is,  to  restrict  the  input  of  scarce  resources  end  use  as  much  of 
the  unrestricted  or  "free"  resources  as  possible.    Thus  with  unlimited  land  and  limited 
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labor,  the  labor  conserving  method,  muchine  harvest,  wcs  employed.    This  would 
reflect  the  situation  in  the  tomato  industry  at  the  present,  where  labor  is  becoming 
limited  and  land  is  not  yet  a  limiting  factor.     On  the  other  hand,  v/hen  land  vvos  limit- 
ing and  labor  v/os  unlimited,  the  hand  harvest  method  v/as  used  exclusively.    Another 
observation  on  this  solution  is  that  when  either  one  of  the  restroints    was   unlimited, 
there  was  no  mixture  of  activities  In  the  solution;  it  is  either  hand  or  machine  harvest. 

In  varying  the  yields,  it  is  seen  that  a  yield  of  193.54  crates  pur  acre  was  re- 
quired in  order  to  employ  any  machine  harvest  and  that  a  yield  of  222.62  crotes  per 
acre  for  the  machine  harvest  method  was  necessary  for  the  machine  harvest  method 
to  completely  replace  the  hand  harvest  method.    This  is  important  in  evaluating  re- 
search data  In  that  any  harvest  method  evaluated  must  produce  a  yield  equivalent  to 
84.3  percent  of  a  hand  harvest  yield  in  order  for  it  to  completely  replace  hand  harvest- 
ing.   A  yield  of  206.06  crates  per  acre  or  a  11.4  percent  increase  over  the  present 
mechanical  harvest  yield  is  required  for  any  chemical  method  v/ith  the  assigned  costs 
to  reploce  a  nonchernical  machine  harvest  method  v/ith  a  70  percent  of  hand  harvest 
recovery  when  the  price  Is  $2.50  per  crate.    The  2.5  percent  increase  derived  for 
the  boric  acid-Ethrel  method  Is  seen  not  to  be  enough. 

If,  on  tii3  other  hand,  the  cost  of  the  boric  acid-Ethrel  method  is  reduced  below 
$128.45,  it  v/ill  replace  the  mechanical  harvest  alone,  but  with  the  other  initial 
values  it  will  never  become  economically  feasible. 

Finally,  if  the  grov/er  could  expect  a  price  of  $3.34  per  crate,  the  chemical 
method  would  be  profitable  to  use  in  combination  v/ith  hand  harvest. 

The  above  changes  in  the  solution  with  changes  in  the  parameters  illustrate  the 
need  for  accurate  evoluoticn  of  the  parameters,  fur  if  a  particularly  important  volue 
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such  as  cost  or  yield  of  flie  chemical  method  were  not  known  precisely,  the  solution 
could  change  drasticoliy. 


SUMMARY  AND  CONCLUSIONS 

.♦- 
Three  field  experlmcni's  were  conducted  to  test  certain  flora!  zone  affecting 

chemicals,  alone  and  In  combination,  as  to  their  activity  in  producing  a  uniform 

maturity  in  tomatoes  (Lycoperisccn  esculentum     Mill.)  for  o  once-over  mechanical 

harvest.    Times  of  application,  concentrations  and  effects  on  the  quolity  parameters 

of  bio-yield  point,  texture,  soluble  solids,  pH  and  titratable  acidity  v/ere  also 

evaluated.    The  chemicals  tested  were  ascorbic  ccid,  boric  acid,  calcium  chloride, 

Duraset,    Emery  C-9,  Ethrel,    fatty  acid  ester,   I/Vk  and  TIBA. 

A  laboratory  experiment  was  conducted  to  evaluate  the  effects  of  an  Ethrel 
dip  on  the  auxin  content  of  tomatoes  in  storage. 

In  orcfer  to  evaluate  the  economic  significance  of  the  results  of  the  field  experi- 
ments, a  mixed  integer  programming  model  v/qs  devised  to  compare  hand  harvest, 
machine  harvest  and  machine  harvest  of  chemically  treated  fruit.     Land,  labor,  cost, 
yield  and  price  restrictions  were  included  In  the  model  and  parametric  programming 
of  certain  of  the  cosFficients  and  restraints  was  employed  to  test  the  sensitivity  of 
the  model. 

Many  of  the  field  treatments  affected  the  yields  of  various  maturity  classes; 
hov/ever, TIDA-borlc  ocid  and  TIBA-Ethrel  split  applications  v/ere  the  only  treatments 
that  significantly  affected  the  total  yield  and  that  effect  wos  a  yield  reduction.    The 
major  effects  on  the  maturity  classes  were  by  the  Ethrel  and  boric  acid-  Ethrel 
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treatments.     Ethrei  applied  at  the  time  of  the  fifteenth  inflorescence  increased  the 
percent  yield  of  the  light  red  through  ripe  fruit  and  reduced  the  percent  yield  of  the 
mature  green  fruit  In  the  second  harvest.    Ethrei  applied  one  week  later  increased 
the  percent  yield  of  the  light  red  through  ripe  and  breaker  through  pink  fruii  of  the 
first  harvest  and  reduced  the  percent  yield  of  the  mature  green  fruit  of  the  second 
harvest.    The  boric  acid  applied  at  the  second  bloom  (ninih  intornods)  followed  by 
Ethrei  applied  at  the  fifteenth  inflorescence  produced  on  increase  in  the  percent  yield 
of  liglit  red  through  ripe  and  breaker  through  pink  fruit  of  the  first  and  second  harvest 
and  reduced  the  mature  green  of  the  second  harvest. 

The  effects  on  the  quality  parameters  were  errcitic  but  generally  supported  the 
thesis  that  the  early  application  of  Ethrei  affected  the  later  fruit  and  the  later 
applicotlon  of  Ethrei  affected  the  early  fruit  and  the  boric  acid-Ethrel  combination 
affected  both  the  early  and  late  fruit.    The  boric  ocid-Ethrel  treatment  appears  io 
be  the  only  one  with  promise  of  an  economic  application.    With  further  research  on 
refinement  of  opplicotJon  times  and  harvest  times,  the  increase  of  a  once-over  yield 
may  become  economically  significant. 

The  expected  abscission-inducing  and  fruit-setting  responses  were  not  evident, 
except  in  the  TIBA-Ethrel  treatment,  pointing  to  the  precise  timing  required  in 
application  and  the  major  influence  exerted  by  the  developing  embryo. 

The  laboratory  experiment  shov/ed  an  increase  In  auxins  due  to  Ethrei  treatment 
ct  2  o'ld  3  weeks'extractlon  after  treatment,  and  a  natural  increase  In  auxin  ot  a 
1  week  extraction  that  was  not  evident  in  the  treated  fruit.    This  was  attributed  to 
an  inhibition  of  au;c'n  transport  by  ethylene. 

In  evaluating  the  economic  import  of  the  boric  ocid-Ethrel  heatment  with  the 
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mixed  integer  programming  model,  it  wos  found  that  the  2.5  percent  increase  in  yield 
over  the  mechanical  harvest  wos  not  sufficient  for  its  use  under  a  50  acre  and  3500 
man-hour  restriction  ond  v/ith  a  price  of  $2.50  per  crat.-i.    Hov/aver,  it  was  found 
that  if  the  price  was  $3.34  per  crcte  it  would  be  useful,     in  addition,  unless  the  yield 
from  the  machine  harvest  method  v/as  34.3  percent  of  the  hand  horvest,  some  hand 
harvest  would  still  be  required  in  order  to  moximize  revenue.     Further  parametric 
evaluation  illustrated  the  need  for  a  more  relloble  cost  and  yield  estimate  for  the 
machine  harvest  of  chemically  treated  fruit  method  in  order  to  provide  a  correct 
evaluotion.     It  was  demonstrated,  hov/ever,  that  this  model  was  useful  in  evaluating 
experimental  resulh  as  well  as  providing  a  valuable  decision  making  aid  for  the 
grower. 
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